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ABSTRACT 
Rathbun Lake is a 44.51 km2 reservoir on the Chariton River in Wayne County in 
southeast Iowa that provides drinking water to residents in Iowa and Missouri. 
Approximately 22% of cropland inside the watershed is used for corn and soybean 
production; water quality of the lake is threatened by herbicide and nutrient runoff, and its 
use as a flood impoundment is hindered by high siltation rates. To improve water quality, 
alternative land uses are being studied, including the production of switchgrass (Panicum 
virgatum) for biomass. The objective of this study was to assess the capacity for switchgrass 
managed for biomass production to control the loss of sediment, nutrients and agricultural 
chemicals. Three fields near Millerton, Iowa were selected for consistent slope and soil type. 
Sediment loss and runoff water quality were examined using a linear rainfall simulator. The 
study consisted of three treatments: newly planted switchgrass following soybeans (NSG), a 
thirteen year stand of mature switchgrass (OSG), and no-till corn following soybeans (NTC). 
Simulated rainfall rate was approximately 52 mm/hr. Duration of each simulation was 80 
minutes. Period 1 runoff samples were collected in May, and Period 2 samples were 
collected late June through late July. Drought conditions prevailed from May through early 
June. Each runoff sample was evaluated for Nitrate +Nitrite (N+N), Total Phosphorous 
(TP), Atrazine (AT) and Metolachlor (MT). Total soil loss (TSL) and Total Water Loss 
(TWL) were calculated. Infiltration +Storage Capacity (ISC) was estimated. With the 
exception of AT in Period 1, NSG and OSG were more effective than NTC in minimizing 
TSL, TWL, and loss of N+N, TP and MT. TSL, TWL and TP loss were greater for NSG 
1X 
than for OSG for both periods. N+N loss was not different between NSG and OSG for either 
period. TWL was not different between NSG and OSG for Period 2. AT and MT losses 
were not different between NSG and OSG for Period 2. NTC demonstrated greater ISC than 
NSG or OSG in both periods. Switchgrass grown for biomass offers environmental benefits 
over NTC production in the Lake Rathbun watershed. 
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INTRODUCTION AND LITERATURE REVIEW 
Research Location —Rathbun Lake 
Rathbun Lake is a reservoir located on the Chariton River in Wayne County, 
southeast Iowa, with a surface area of 44.5 km2 and a drainage area of 1422 km2. The 
reservoir's watershed, with a total area of greater than 354,000 acres, extends into portions of 
six counties: Wayne, Lucas, Monroe, Appanoose, Clarke and Decatur. Rathbun Lake was 
constructed in the 1960's by the Army Corps of Engineers for flood control and water 
conservation. It has become a valuable resource to the economy of southeast Iowa as a place 
of recreation and as a source of drinking water for more than 50,000 residents in Iowa and 
Missouri. Physiography of the area has developed from a flat glacial drift plane to a well-
drained landscape with relief. Hills are gently rolling with broad, loess covered tops and 
moderate to steeply sloping stream valleys. 
Climate of the area is sub-humid mid-continental with an average annual precipitation 
of 845 millimeters. Rainfall during the months of May through June and August through 
September is greater than any other time of year; the mean monthly precipitation during these 
periods ranges from 85 to 154mm. The average growing season without frost is 
approximately 160 days. The coldest and warmest months of the year are January and July, 
with mean temperatures of -4 °C and 25 °C, respectively, as recorded between 1931 and 
1952 (Chariton Valley Regional Services Agency, 1978). 
The Rathbun Lake watershed is home to approximately 700 livestock operations (few 
of which utilize adequate waste management practices). It is estimated that 19-29% of the 
farmland in the six counties of the watershed is planted as corn or soybeans (Iowa State 
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UnlverSlty EXtenslon, 2001); in 1999 the Chariton Valley RC & D reported that up to 60% of 
land within the watershed is used for row crop production. Non-point source pollution poses 
significant threats to the water quality of the lake due to herbicide and nutrient runoff. Water 
quality monitoring has revealed eutrophic to hypereutrophic nutrient levels in the lake, as 
well as elevated herbicide levels. Atrazine and cyanizine concentrations frequently exceed 
the maximum contaminant level allowable for drinking water. Additionally, use of the 
reservoir for flood control is hindered by siltation rates three times higher than predicted, 
most likely originating from close to 133,000 acres of land within the drainage area classified 
as highly erodable cropland (Chariton Valley RC & D, 1999). 
Problems in Lake Rathbun and its watershed are not unique. Nearly 11,000 flood 
control dams have been constructed in the United States, and many are filling with sediment 
(Bennett and Caldwell, 2002). Lee (1984) reported that the annual mean rate of soil erosion 
from row crops is 18.1 m•ton/halyr, while the formation rate for such soils is only about 1 
m•tonlha/yr (Logan, 1977; Hudson, 1981; McCormack et al., 1982). As of 1997, the 
estimated annual sheet and rill erosion on non-federal land within the state of Iowa was 4.9 
m•ton/ac/yr on cultivated land (NRCS, 1997). In an effort to improve water quality and 
preserve long-term soil productivity, alternatives to row crops for erodible land are 
necessary. Biomass crops for energy production are among the alternatives with the greatest 
potential to replace row crops on these erosion sensitive lands. 
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Biomass as a Fuel Source 
The use of biomass as a fuel is not a new concept; it is currently being used in many 
parts of the world. Biomass fuels were previously used in the United States but were 
replaced by fossil fuels in the early 20th Century due to the lower cost, greater availability, 
and higher energy output of fossil fuels. Fuels that have been used for biomass include 
wood wastes, agricultural residues, and specialized wood and herbaceous crops (Hohenstein 
and Wright, 1994). The renewed interest in biomass crops in the past several years is likely 
due to the potential environmental benefits projected to occur with the development of a 
"closed loop biomass system" designed to reduce carbon dioxide emissions from the burning 
of additional fossil fuels (Joslin and Schoeholtz, 1997). Although the combustion of biomass 
fuels releases carbon, the net change in atmospheric CO2 is projected to be small or none due 
to new growth of biomass (Hohenstein and Wright, 1994). In 1990 the U.S. Department of 
Energy reported that approximately 3.3% of the total energy in the United States was 
supplied by biomass. As of 1992, biomass was generating 6500 megawatts of electricity in 
the U. S . (U. S . Department of Energy, 1993) . 
Perennial Switchgrass as an Alternative to Row Crops 
One practice being evaluated as an alternative to row crop production is the 
production of switchgrass (Panicum virgatum) for use as a biomass fuel. This warm-season, 
thin-stemmed, herbaceous perennial native grass has an extensive rooting system, and is 
relatively drought tolerant. The range in maximum rooting depth of native prairie grasses in 
natural stands is approximately 2.6 to 3.7 meters. Studies at Auburn University produced 
nearly 8 m•ton/ha of root mass in the top 75 cm of plots utilizing high-yielding switchgrass 
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(McLaughlin et al., 1994). Switchgrass has been reported to have higher water use 
efficiency, resulting in a lower evapotranspiration rate compared to other grasses (Stout et al., 
1986). In hot weather when growth of most other crop species is limited by water 
availability, established switchgrass has the capacity to continue growing. High-yielding 
varieties have yielded as much as 37 m•ton/ha of biomass without irrigation (McLaughlin et 
al., 1994). 
Environmental Impacts of Perennial Grasses 
Grass Filter Strips 
The environmental benefits of grass filter strips have been clearly documented. 
Vegetative filter strips (VFS) reduce runoff velocity by spreading and dividing the flow, 
thereby reducing soil erosion (Clinnick, 1985). Magette et al. (1989) found that 9.2 m 
Kentucky fescue filter strips reduced total nitrogen loss in runoff from 16.4 kg/ha to 9.7 
kg/ha, and total phosphorus loss from 13.7 kg/ha to 7.7 kg/ha when compared to bare row 
crop plots without filter strips. Dillaha et al. (1989) observed that 4.6 m orchardgrass VFS 
reduced sediment loss by 53-86%, and 9.1 m strips reduced sediment loss by 70-98%. Total 
phosphorus loss was reduced by an average of 69% and 82% for the 4.6 and 9.1 m filter 
strips, respectively. Total nitrogen loss was reduced by 63% and 76%, respectively. 97% of 
the phosphorus and 78% of the nitrogen entering the filter strip was bound to sediment. 
Barfield et al. (1998) reported that the trapping efficiency for 4.57 m grass filter strips was 
>90% for phosphorus, nitrate, ammonia, AT, and sediment. Meyer et al. (1995) observed a 
range of 25 to 80% trapping effectiveness for sediment in stiff grass hedges, dependent on 
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particle size. It was noted that the deeper the ponding within the filter strip, the greater the 
amount of sediment trapped. Stem density, diameter and stiffness, and hedge width had a 
significant effect on the depth of ponding. Eghball et al. (2000) found that grass hedges 
around no-till and disked corn plots that were chemically fertilized reduced NH4-N runoff by 
60% during wet simulation. Coyne et al. (1995) reported that 88% of surface runoff from no- 
till and conventional tilled plots infiltrated before leaving 9 m filter strips of tall fescue and 
Kentucky bluegrass. The filter strips also trapped 99°Io of soil lost during simulated rainfall. 
Rachmann et al. (2002) observed that water infiltration within grass hedges was nearly 10 
times higher than infiltration within the crop zone under soybean production. Alberts et al. 
(2002) recorded a 64% reduction in sediment yield when grass hedges were utilized at 15.4 
m intervals between rows of corn. 
Fields 
Predictions suggest that the conversion of traditional row cropping systems to 
biomass production utilizing native grasses will result in a net decrease in the use of 
agricultural chemicals, a reduction in agricultural non-point source pollution of surface 
waters, and a resulting improvement in water quality (Office of Technology Assessment - 
Report to 103rd U.S. Congress, 1993; Ranney and Mann, 1994). 
Native prairie grasses such as switchgrass require far fewer chemical applications 
compared to row crops. Herbicide use is normally only required during the establishment 
year, whereas annual crops require yearly fertilizer and herbicide application. Typical N-P-K 
application rates (elemental form in kg/ha/yr) have been reported as 135-60-80, 20-45-70, 
and 50-60-60 for corn, soybeans, and herbaceous energy crops (HEC), respectively. 
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Herbicide rates (active ingredient values, also in kg/halyr) have been reported as 3.06, 1.83, 
and 0.25 respectively, for corn, soybeans, and HEC (Oak Ridge National Laboratory, 
Unpublished data, 1993; U.S. Department of Agriculture, 1991). Projected annual chemical 
application rates (in kg/ha active ingredient) for corn were estimated at 3.06 for herbicide, 
0.38 for insecticide, and 0.0008 for fungicide (USDA, 1991); projected rates for switchgrass 
were 0.25 for herbicide, 0.02 for insecticide, and 0.001 for fungicide (Oak Ridge National 
Laboratory, Unpublished estimates, 1991). 
The extensive root systems of native grasses give them excellent soil holding capacity 
and the ability to more efficiently take up water and nutrients, allowing for growth even in 
droughty conditions. Effective rooting depths for perennial grasses can be twice that of 
many agricultural crops (Office of Technology Assessment -Report to 103rd U.S. Congress, 
1993; McLaughlin et al., 1994; Hohenstein et al., 1994). As a result, erosion rates are 
expected to be lower than those observed with row crop production. The estimated erosion 
rate for row crops is 18.1 m•toniha/yr; for perennial herbaceous systems the range is 0.2 to 3 
m•ton/ha/yr (Hohenstein et al., 1994; Office of Technology Assessment -Report to 103rd
U.S. Congress, 1993). 
The Soil Conservation Service reported in 1994 that native perennial grasses added 
carbon at a rate of 1 m•ton/ha/yr to the top 100 cm of soils in the Midwest. This increase in 
organic matter resulted in improved soil structure, nutrient retention, water holding capacity, 
and infiltration, resulting in greater resistance to soil erosion (McLaughlin et al., 1994). 
Typical soil erosion rates for corn, soybeans, and herbaceous energy crops have been 
reported as 21.8, 40.9, and 0.2 m•ton/halyr, respectively (Pimental and Krummel, 1987). The 
addition of organic matter to the soil improves moisture holding capacity, aeration and water 
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infiltration, and plant root penetration. Wischmeier and Mannering (1965) noted that an 
increase in organic matter from 1 % to 4% reduced surface water runoff by 2-3 times. 
Additionally, organic matter has a profound impact on nutrient availability and may help to 
minimize leaching of agricultural chemicals by providing additional surface area for nutrients 
to adhere (McLaughlin et al., 1994; Office of Technology Assessment -Report to 103rd U.S. 
Congress, 1993). It has been reported that 15-80% of phosphorus and 95% of nitrogen in 
surface soil is contained in soil organic matter (Allison, 1973). 
It is important to note, however, that during establishment or under very poor 
management native perennial grasses are no better at controlling runoff than traditional row 
crops. It is only during the second and third years of growth that grasses become effective at 
reducing the sediment and nutrient runoff rates compared to row crops (Oak Ridge 
Laboratory, Unpublished Data, 1993). Fortunately, replanting of established bioenergy crops 
is typically only required every 15-20 years on average (Office of Technology Assessment - 
Report to 103rd U.S. Congress, 1993). 
Switchgrass 
A limited amount of research has been done using switchgrass in VFS, and very little 
data is available on the environmental impacts of entire fields of switchgrass being grown for 
biomass production. Gilley et al. (2000) found that narrow switchgrass hedges reduced 
runoff and soil loss from no-till corn plots more than 50% compared to plots without grass 
hedges. Trapping efficiency was even greater for wider grass strips. Daniels et al. (1993) 
noted that continuously vegetated areas generally benefited from erosion rates less than 0.5 
m•ton/ha/yr. Shiflet and Darby (1985) reported erosion losses approximately 70 times 
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greater with corn cultivation than with grass production on similar land. Lee et al. (1999} 
found that total nitrogen loss in runoff water was reduced by an average of 46% and 28%, 
respectively, for 6 m wide and 3 m wide switchgrass filter strips, and N~3-N was reduced by 
42% and 25%, respectively. Switchgrass strips were found to be more effective for nitrogen 
removal than cool-season grass strips. switchgrass filter strips also removed an average of 
78% and 69% of incoming sediment, and total phosphorus was reduced by 52% and 37%, for 
6 m and 3 m wide strips, respectively. Reduced loss of total nitrogen and phosphorus were 
associated with reduced sediment loss, as these nutrients were primarily found bound to 
sediment in runoff. Wider filter strips were associated with greater infiltration and lower 
runoff rates, with lower sediment and nutrient loss as a result. 
Newly planted switchgrass has been found to offer little or no environmental benefit 
over traditional row crops. Tolbert et al. (1998) reported high runoff rates from switchgrass 
in the first year. Green et al. (1996) reported sediment loss, total runoff, and nitrate loss from 
new switchgrass about twice that of no-till corn. 
Research Objective 
The objective of this study was to assess the capacity for switchgrass managed for 
biomass production to control the loss of sediment, nutrients and agricultural chemicals. 
MATERIALS AND METHODS 
Three fields near Millerton in Wayne County, Iowa were selected for consistent soil 
type (Clarinda Series) and topographical position. Slopes were 4% to 9%. Water runoff 
quantities and sediment loss, calculated estimates of infiltration +storage capacity (ISC), and 
water quality parameters were examined utilizing a rainfall simulator; use of simulated 
rainfall for similar research has proven valuable in studies having comparable objectives 
(Eghball et al. 2000, Laflen et al. 1978). Simulated rainfall has been shown to provide 
relatively uniform plot coverage and rainfall drop size and velocity that are very close to 
natural rainfall (Gilley et al., 2000). Soils for test areas, identified and delineated by NRCS, 
are those of the Clarinda series- a fine, montmorillonitic, noncalcareous, mesic, sloping, 
Typic Argiaquoll. 
The study consisted of six replicates each of newly planted switchgrass following 
soybeans (NSG), 13 year old switchgrass managed for biomass (OSG), and no-till corn 
following soybeans (NTC). Simulations were conducted at two different periods during the 
growing season. Period 1 simulations were after corn planting in May 2000 when the soil 
was most vulnerable to erosion and runoff due to reduced vegetative cover. Period 2 
simulations were conducted in late June and July 2000 as the crops established. Period 1 
samples were collected starting with NSG and ending with OSG, while Period 2 samples 
started with NTC and ended with NSG. Testing sequence for the treatments in Period 1 and 
Period 2 was assigned randomnly. Drought conditions during May and early June slowed the 
growth of the new switchgrass and prevented its emergence in some places within the test 
plots. 
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Data for losses of sediment, water, nutrients, herbicides, and ISC and percent residue 
cover were evaluated using the Statistical Analysis Software (SAS) General Lineral Model 
(GLM) procedure with analysis of variance (ANOVA) model. The experiment type was a 
fixed design and the analysis of the results atwo-way pairwise statistical test for differences. 
Statistical analysis was computed using SAS version 8.0. Differences were measured at the 
O.OS level of probability. 
Test plots were constructed using metal strips 15 cm high and of varying lengths to 
create an open-ended rectangle 4.88m x 0.61m. These strips were hammered into the soil 
eight centimeters deep to prevent water accumulated under rainfall simulation from escaping 
the plot. Each plot was positioned parallel to the slope. Percent slope for each plot was 
determined by surveying the height of the top and bottom of each plot and dividing the 
difference by the plot length (4.88 m). The open end of the formed rectangle was positioned 
on the down slope, where a collector was placed to obtain the runoff samples (Figure 1). 
Figure 1. Collector for channeling runoff into collection container. 
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Insertion of the collector was done carefully so as to minimize soil disturbance inside 
the plot. Any gaps between the front edge of the collector and the base of the plot were 
closed by packing of fine textured B-horizon material. For ease of sampling, a pit 
approximately 3 ft. deep, 3 ft. long, and 2 ft. wide was dug below the end of the collector. 
Drainage from the pit at the end of the plot was facilitated by installing a trench from the pit 
to the base of the slope. 
Selected crop management practices for the respective treatments are listed in Table 
1. Crop managements listed are representative of common crop growing practices for NTC, 
OSG and NSG in southeast Iowa. Pesticide amounts are given in kg active ingredient. It is 
important to note that BicepT M is a packaged herbicide containing metolachlor (MT) and 
atrazine (AT). Nitrogen, phosphorus, and potassium values reflect actual amounts applied. 
With the exception of anhydrous ammonia, pesticides and other fertilizers were not 
incorporated. The rate of anhydrous applied was greater than needed due to a defective 
calibration valve. 
The rainfall simulator was a linear type with downward sweeping nozzles, provided 
by the USDA-ARS National Soil Erosion Laboratory at Purdue University in West Lafayette, 
Indiana (Figure 2). Average rate of simulated rainfall used during the study was 
approximately 52 mm/hr. Similar rainfall of this rate and intensity has been used in other 
simulated rainfall studies (Nichols et al., 1994; Dillaha et al., 1989). 
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Table 1. Management summary. 
Treatment Fertilizer Application Pesticide Application 
AatrexTM
1.68 kg/ha Atrazine 
1.75 L/ha 2,4-D 
Apr 21, 2000 
Seeding/Planting 
Cave n' Rock frost seeded 
11.21 kg/ha pls 
AirflowTM broadcast 
seeder 
Feb 11, 2000 
NSG 
Date Applied 
0-0-60 
112.08 kg/ha 
Feb 11, 2000 
OSG 
Date Applied 
Heartland Lysine FertilizerTM
(HLF) 
1961.45 kg/ha = 140 kg/ha N 
Apr 21, 2000 
1.68 kg/ha Atrazine 
1.75 L/ha 2,4-D 
Apr 21, 2000 
NTC 
Dates Applied 
18-46-60 
112.08 kg/ha 
Anhydrous NH3
246.58 kg/ha 
Nov 15, 1999 
March 20, 2000 
BicepTM
1.50 kg/ha Atrazine 
1.82 kg/ha 
Metolachlor 
April 29, 2000 
116 day MycogenTM
69,187 plants/ha 
April 29, 2000 
Figure 2. Rainfall simulator. 
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Rainfall rate was calculated by averaging the amount of simulated rain collected in 
rain gauges over both sampling periods. Rain gauges were located on the perimeter of each 
simulation plot (one at each end of the plot). This method has been used to determine rainfall 
amounts in other simulator studies (Gilley et al., 2000; Lee et al., 1999). Water was provided 
by Corydon Rural Water, and was tested prior to use by Minnesota Valley Testing Labs 
(MVTL) in Nevada, Iowa. 
Simulated rainfall samples were evaluated for impurities that could affect water 
quality testing or enhance soil erosion through dispersion. Tests conducted included specific 
conductance, pH, nitrate, total and ortho-phosphorus, total Kjeldahl nitrogen, and total 
residual chlorine, calcium, magnesium, and sodium. Results from these tests indicated that 
measured parameters would have little effect on soil erosion and water quality measurements 
(Table 2). 
Two separate sets of samples were collected at 5-minute intervals. One set of 
samples were collected for sediment and water loss, and another set of samples for water 
quality. Sampling began when consistent runoff flow occurred from a plot. Samples were 
collected in 1-L polypropylene bottles for 15 sec. (Figure 3). The total run time for each 
simulation was 80 min.s after obtaining the first sample, which was sufficient time to reach a 
steady state of runoff (Figure 4). This method of collection is similar to that used by Gilley 
et al. (2000) and Coyne et al. (1995). 
For water quality, a single bottle was placed under the collector for 15 sec. at each 
sampling time. The water and sediment collected during each 15-sec. sampling were 
combined in a clean 5-gal. pail. The sample volume contributed from each 15-sec. sample 
depended on the runoff rate at the time of sampling. The resultant volume collected in the 5-
14 
gal. pail over the rainfall simulation period was a flow weighted average of runoff from the 
80-min. simulation. At the end of each simulation the pail was stirred to re-suspend the 
contents, and then separated into bottles for lab testing. Coyne et al. (1995) used a similar 
method. 
Table 2. Corydon rural water test results. 
Analyte
Specific Conductance 
pH 
Nitrate 
Total Phosphorus 
Ortho Phosphorus 
Total Kjeldahl Nitrogen 
Total Residual Chlorine 
Calcium 
Magnesium 
Sodium 
Method Units Result 
2510Ba umhos/cm 300.00 
4500H+Ba units 7.95 
4500N~3Ea mg/L 0.50 
365.2b mg/L < 0.10 
365.2b mg/I, < 0.10 
4500NH3Ea mg/L < 1.00 
330.Sb mg/L 0.79 
3111 Ba mg/L 34.00 
3111Ba mg/L 7.10 
3111Ba mg/L 13.00 
a Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
March 1979. 
b Standard Methods for the Examination of Water &Wastewater, 18th ed., 1992. 
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Figure 3. Collecting runoff samples. 
-~z - -- _ _ 
Figure 4. Steady state of runoff. Volume of water in each 1-L bottle is that collected during 
a 15 sec. interval. Bottles on the left contain water and sediment first collected, and those on 
the right were the last of the samples collected during the simulation. 
Water quality samples were packed on ice prior to transport to MVTL, where 
chemical analyses were conducted. This preservation technique has been used in previous 
studies (Daniels et al., 1996; Lee et al., 1999). Samples were stored no longer than 36 hours 
following collection to prevent chemical breakdown before testing. Each sample was 
evaluated for nitrate +nitrite (N+N) and total phosphorus (TP), as well as the pesticides 
atrazine (AT -brand name Aatrex° ) used on OSG and NSG, and metolachlor (MT -brand 
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name Bicep°  by Dual° ) used on NTC and NSG. Note that Bicep is a package mixed 
herbicide containing AT and MT. NSG plots were previously used for corn and soybean 
rotation. Measurements for alachlor were made on all test plots in each treatment. Lab 
results indicated the level of alachlor to be < 0.0005 mg/L (the lowest measurable testing 
limit). Because no significant levels of alachlor were found and none was applied to the 
plots in this study, results are not reported or discussed further. Chemical analysis was 
performed using standard methods as set forth by the American Public Health Association 
and the United States Environmental Protection Agency. Test methods used for each analyte 
and the reference are outlined in Table 3. 
Table 3. Water analysis methods. 
Analyte Method 
Nitrate +Nitrite 
Total Phosphorus 
Alachlor 
Atrazine 
Metolachlor 
4500NO3Ea
365.2b
3510b
8081 b 
8141Ab
a Standard Methods for the Examination of Water &Wastewater, 18th ed., 1992. 
b Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
March 1979. 
Laboratory analyses for N+N, TP, AT, and MT were conducted using the combined 
sediment and water in each sample. Mean laboratory values for these contaminants reflect 
the amount of contaminant that was found dissolved in runoff water and bound to sediment, 
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and are reported as mg/L of runoff. Total volume of water plus sediment was not recorded; 
therefore it was necessary to estimate this volume so that total loss of contaminants could be 
calculated. The following calculations were used to estimate total contaminant loss in kg/ha: 
1. Total Water Loss in g/m2 = /TWL 
L ~ x 1 kg  l
~ m 2 ~ 1L~ 
x 
~ 1000 g ~ 
~ 1 kg J
2. Total Water +Sediment Loss (TWSL) in g/m2 = TWL m 2 + SL m 2
i 
~ ~ lk ~ 
3. Total Water +Sediment Loss in L/m2 = TWSL g x  g 
m 2 ~ ` 1000 g ~ 
2 ~ mg i L ~ 
4. Total Contaminant Loss (TCL) in mg/m = CL - x TWSL - z L ~ m ~ 
5. TCL in kg/ha = /TCL 
mg X 10,000 m z ~ x 1 kg ~ 
~ m 2 1 ha ~ 1,000,000 mg ~ 
The same set of calculations was used to estimate total losses of N+N, TP, AT and 
MT per hectare. For steps 1 and 3 the density of water (or water +sediment) was assumed to 
be 1 kg per L. The amount of sediment in the runoff was less than 0.5% of the total weight 
of the solution; the volume of sediment would not significantly affect the results of this 
calculation. 
Runoff samples were analyzed for TSL and TWL at the Iowa State University 
Department of Agronomy. Dry polypropylene sample bottles were weighed prior to sample 
collection. After sample collection, each bottle containing water and sediment was weighed, 
then stored to allow sediment to settle. Water above the settled sediment was removed by 
siphoning, and then the bottles (containing the remaining water and sediment) were oven 
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dried at 106° C for 24 hr. to remove residual moisture prior to weighing. This drying method 
has been used previously (Gilley et al., 2000). 
Calculations used to determine amounts of water and sediment were as follows: 
1. Weight of water = (full bottle weight -empty bottle pre-weight) 
- oven dried sediment bottle weight 
2. Water weight was then converted to liters based on an assumed water density of 
1.0 g/cm3. 
3. Weight of sediment = (oven dried sediment bottle weight 
- empty bottle pre-weight) 
Amounts of water and sediment were multiplied by a factor of 20 (twenty 15-sec. 
intervals in 5 min.), to represent the runoff that occurred within that 5-min. interval. The 
total amount of water lost as runoff (TWL) in L/m2 was assumed to be the sum of the volume 
measurements for all 5-min. intervals, divided by the total plot area. This value was then 
multiplied by 10,000 m2/ha to estimate TWL per ha. Additionally, TSL in m•ton/ha from 
NTC, NSG, and OSG plots was estimated using the following calculation. 
m•ton/ha = g 
mZ l 
TSL in each treatment x  
1 kg  ~ 
1000 g ~ 
x 10,000 
m 2 ~ x ~lm•ton~ 
1 ha ~ ~ 1000 kg ~ 
Infiltration +storage capacity (ISC) is intended to represent an ,estimation of the 
rainfall that remained within the test plots, either as surface ponding or water infiltrating into 
the soil. Infiltration and storage capacity were not measured as discrete quantities during 
rainfall simulations; however, it became evident that the amount of water remaining within 
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the research plots following rainfall simulations could greatly affect water quality values 
being measured. Therefore, ISC was estimated as the difference between the water applied 
and the water in the runoff~using the following calculation. The volume of water applied as 
rainfall (in L) was determined using rain gauges at the end of each simulation run. Total 
rainfall applied was divided by the plot area to calculate rainfall applied in LJm2. Calculated 
runoff from each 5-min. interval was summed for an estimate of the TWL from each plot. 
TWL from each plot was divided by the plot area to estimate TWL in Lm2. TWL (L/m2) 
was subtracted from total rainfall (L/mZ) to estimate ISC. The volume of sediment in runoff 
for the plots was not included in these calculations. A similar method was used by 
Mannering et al. (1963) to estimate infiltration. An estimate of ISC in L/ha was also 
calculated by multiplying TWL (L/m2) by 10,000 m2/ha. 
Ammonia knife furrows within the NTC were observed to affect ISC and TWL 
measures by preventing runoff from occurnng after considerable rainfall had been applied, 
and time lapsed. For expediency I decided to identify and plug these furrows outside of the 
plots instead of disturbing the soil within them (Figure 5). A small hole was dug into the 
furrow; soil was then added incrementally and compacted with a sledgehammer until the hole 
was filled to the level of the soil surface. This procedure was repeated for each NTC plot in 
the study. The effect these knife furrows had on ISC and TWL will be addressed later in this 
paper. 
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Figure 5. Ammonia knife furrows within NTC simulator plots. 
In order to estimate percent residue cover (RC), photographic slides of the soil 
surface were taken at the end of each simulation, in three locations on the plot, determined by 
random draw. This was done after the simulation for greater contrast between the soil 
surface and the residue. The size of each residue location photographed, measuring 61.00 cm 
x 30.48 cm, was a small subset of the plot area. The images were then projected onto a 
screen containing a grid; grid points intersecting the residue were counted. The estimated 
percent of the surface covered by residue was calculated by dividing the number of grid 
points intersecting residue, by the total number of grid points, then multiplying by 100. This 
method has been used previously by Gilley et al. (2000) and Mannering et al. (1963). 
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RESULTS AND DISCUSSION 
Period 1 Results 
The results for Period 1 are summarized in Tables 4 and 5. 
Table 4. Period 1 treatment means for different water quality parameters. 
Element NTC NSG OSG 
TSL (g/m2) 5.57 3.54 0.80 
TWL (L/m~) 1.47 2.66 3.04 
ISC (L/m2) 60.96 47.86 45.90 
% RC 61.50 96.80 99.43 
N+N (mg/L) 7.97 4.32 1.78 
TP (mg/L) 1.35 0.96 0.56 
AT (mg/L) 0.16 0.40 0.18 
MT (mg/L) 0.07 0.02 0.0008 
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Table 5. Period 1 treatment contrasts for different water quality parameters. 
Element 
xl
TSL (g/m2) 
TWL (L/m2) 
ISC (L/m2) 
% RC 
N+N (mg/L) 
TP (mg/L) 
AT (mg/L) 
MT (mg/L) 
NTC vs. OSG 
_ x p-value 2 
4.77 <0.0001 
-1.57 <0.0001 
15.06 <0.0001 
-37.94 <0.0001 
6.18 0.005 8 
0.79 0.0002 
-0.03 0.4300 
0.07 <0.0001 
NSG vs. OSG 
z _ x p-value 1 2 
2.74 <0.0001 
-0.38 0.0142 
1.96 0.5972 
-2.64 0.2778 
2.53 0.2083 
0.40 0.0305 
0.22 <0.0001 
0.02 0.0257 
NSG vs. NTC 
x _ x p -value 1 2 
-2.03 0.0005 
1.19 <0.0001 
-13.10 0.0004 
35.30 <0.0001 
-3.65 0.0776 
-0.40 0.0305 
0.25 <0.0001 
-0.05 <0.0001 
NTC had the most TSL of all treatments, 5.57 glm2 vs. 3.54 g/m2 and 0.80 g/m2 for 
NSG and OSG, respectively. OSG had 1.57 L and 0.38 L more TWL as runoff per m2 than 
NSG or NTC, respectively. In contrast, NTC demonstrated significantly greater ISC than 
either NSG or OSG. NTC had 15.06 L and 1.96 L more ISC per m 2 than OSG and NSG, 
respectively. No statistical differences between OSG and NSG were observed. RC on OSG 
and NSG were both significantly higher than NTC. No differences were observed between 
OSG and NSG. 
Concentration of N+N was significantly higher in runoff from NTC than in NSG or 
OSG. Mean N+N concentrations were not different between NSG and OSG. TP 
concentration was found to be significantly greater for NTC runoff than NSG and OSG 
runoff samples. AT concentrations were not different between NTC and OSG runoff 
samples; both were significantly lower than concentrations in runoff from NSG. 
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Significantly higher MT concentrations were observed in NTC runoff than in NSG and OSG 
runoff samples. Trace amounts of MT were also found in runoff from OSG even though 
none was applied to this treatment. 
Period 2 Results 
The results for Period 2 samples are summarized in Tables 6 and 7. 
Table 6. Period 2 treatment means for different water quality parameters. 
Element NTC NSG OSG 
TSL (g/m2} 9.82 7.29 0.54 
TWL (L/m2) 2.63 3.96 3.74 
ISC (L/m2) 48.25 24.74 29.43 
% RC 70.83 94.22 99.46 
N+N (mg/L) 13.46 2.5 8 0.50 
TP (mg/L} 1.23 0.89 0.14 
AT (mg/L) 0.13 0.01 0.02 
MT (mg/L) 0.04 0.001 0.0005 
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Table 7. Period 2 treatment contrasts for different water quality parameters. 
Element NTC vs. OSG NSG vs. OSG NSG vs. NTC 
TSL (g/m2) 
TWL (L/m2) 
ISC (L/m2) 
% RC 
N+N (mg/L) 
TP (mg/L) 
AT (mg/L) 
MT (mg/L) 
x - x p-value 1 2 
9.28 <0.0001 
-1.11 <0.0001 
18.82 <0.0001 
-28.63 <0.0001 
12.97 <0.0001 
1.09 <0.0001 
0.11 <0.0001 
0.04 <0.0001 
x - x p-value 1 2 
6.75 <0.0001 
0.22 0.1204 
-4.69 0.0076 
-5.23 0.0351 
2.08 0.3843 
0.75 <0.0001 
-0.007 0.5072 
0.0006 0.8368 
x _ z p-value 1 2 
-2.5 3 0.0003 
1.33 <0.0001 
-23.51 <0.0001 
23.40 <0.0001 
-10.88 0.0003 
-0.34 0.0093 
-0.12 <0.0001 
-0.04 <0.0001 
Significantly more TSL and TP loss occurred from NTC than from NSG, and from 
NSG than from OSG. The same trends were noted for N+N, AT, and MT; however, 
differences between NSG and OSG were not statistically significant for N+N, AT, or MT. 
Differences in mean AT concentrations between NTC and NSG, and between NTC and 
OSG, were statistically significant. OSG and NSG had significantly higher TWL than NTC. 
TWL was not different between OSG and NSG. OSG had statistically greater percent RC 
than either NTC or NSG. 
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Comparison Between Period 1 and Period 2 Results 
The mean values for Periods 1 and 2 are summarized in Table 8, and statistical 
analysis for these comparisons is summarized in Table 9. Estimated total losses per hectare 
for all parameters are reported in Table 10. 
Table 8. Period 1 vs. Period 2 treatment means for different water quality parameters. 
Element 
Period 1 
NTC NSG OSG 
Period 2 
NTC NSG OSG 
TSL (g/m') 
TWL (Um2) 
ISC (Um2) 
% RC 
N+N (mg/L) 
TP (mg/L) 
AT (mg/L) 
MT (mg/L) 
5.57 3.54 0.80 
1.47 2.66 3.04 
60.96 47.86 45.90 
61.50 96.80 99.43 
7.97 4.32 1.78 
1.35 0.96 0.56 
0.16 0.40 0.18 
0.07 0.02 0.0008 
9.82 7.29 0.54 
2.63 3.96 3.74 
48.25 24.74 29.43 
70.83 94.22 99.46 
13.46 2.58 0.50 
1.23 0.89 0.14 
0.13 0.01 0.02 
0.04 0.001 0.0005 
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Table 9. Period 1 vs. Period 2 treatment contrasts for different water quality parameters. 
Element NTC 1 vs. NTC 2 NSG 1 vs. NSG 2 OSG 1 vs. OSG 2 
x1 - x2 p-value ~ _ x2 p-value xi _ x2 p-value 
TSL (g/m2) -4.25 <0.0001 -3.75 <0.0001 0.26 0.6894 
TWL (L/m2) -1.16 <0.0001 -1.30 <0.0001 -0.70 <0.0001 
ISC (L/m2) 12.71 <O.000I 23.12 <0.0001 16.47 <0.0001 
% RC -9.33 0.0002 2.57 0.2886 -0.02 0.9919 
N+N (mg/L) -5.50 0.0151 1.73 0.4227 1.28 0.5518 
TP (mg/L) 0.13 0.3858 0.07 0.6505 0.42 0.0062 
AT (mg/L} 0.02 0.3365 0.39 <0.0001 0.16 <0.0001 
MT (mg/L) 0.03 0.0002 0.02 0.0028 0.0003 0.9607 
Table 10. Period 1 and Period 2 treatments: estimated total loss per hectare. 
Element 
Period 1 
NTC NSG OSG 
Period 2 
NTC NSG OSG 
TSL 
(m• ton/ha) 
TWL (L/ha) 
x 100 
ISC (L/ha) 
x 100 
N+N (kg/ha) 
TP (kg/ha) 
AT (kg/ha) 
MT (kg/ha) 
0.06 0.04 0.008 
147.000 266.000 304.000 
6096.000 47 86.000 45 90.000 
0.117 0.115 0.054 
0.019 0.025 0.017 
0.002 0.011 0.005 
0.0010 0.0005 0.00002 
0.10 0.07 0.005 
263.000 396.000 37.4000 
4825.000 2474.000 2943.000 
0.355 0.102 0.019 
0.032 0.035 0.005 
0.003 0.0004 0.0007 
0.0010 0.00004 0.00002 
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Sediment and Percent Residue Cover 
Period 2 TSL was significantly greater than Period 1 for NTC and NSG. TSL was 
not different between Period 1 and Period 2 for OSG. NTC consistently lost the most 
sediment when compared to NSG and OSG in Periods 1 and 2 of this experiment. The 
higher rate of TSL may be partly attributable to soil disturbance from ammonia application 
and planting in the spring. Additionally, when corn is planted following soybean production 
(as was the case with our NTC plots), litter cover provided from the previous year's soybean 
crop offers less surface protection compared to corn residue (l~~IWPS-45, 2000; Pimental et 
al., 1987; Laflen et al., 1984). 
Most of the energy required to initiate erosion is supplied by rainfall and runoff with 
the more significant of the two being falling rain. Falling raindrops cause breakdown of the 
surface soil structure and ultimately detachment. More energy is needed to detach a soil 
particle than to transport one. It has been estimated that greater than 900 ft tons of force are 
applied on 0.4 ha (1 acre) of land when 25.4 mm (1 inch) of rain falls in 1 hr. If detachment 
can be controlled, much erosion can be prevented (Sauterland et al., 1992). 
In both periods NTC had significantly less RC than NSG (35% and 23% less in 
Periods 1 and 2, respectively) and OSG (38% and 29% less in Periods 1 and 2, respectively). 
RC reduces soil erosion from rainfall by several probable mechanisms. These include 
protecting the soil surface from the energy of raindrop impact, slowing the velocity of runoff 
water, and increasing infiltration. Residues also serve as temporary dams to slow water 
velocities and cause re-deposition of soil particles eroded earlier in the flow (Magette et al., 
1989; Mannering et al., 1963; Lee et al., 1999; Daniels et al., 1993; Office of Technology 
Assessment —Report to 103rd Congress, 1993; Laflen et al., 1984; Correll, 1997; Dabne , et y 
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al., 1993). In a study on soils with a slope of 5% and RC of 6 m•ton/ha of rice straw applied 
to continuous corn production, soil loss was 0.1 m•ton/ha compared to 148 m•ton/ha on bare 
fallow land (IITA, 1973). 
Additionally, the diverse planting pattern of NSG (broadcast seeded vs. being planted 
in rows) may have helped to decrease water velocities and subsequent erosion as the water 
flow was forced to move around more stems. A similar affect was noted in previous research 
on VFS (Magette et al., 1989; Lee et al., 1999; Correll, 1997; Dabney et al., 1993). The 
lower amount of sediment in runoff from OSG when compared to NTC can probably be 
attributed primarily to higher RC and protection from the plant canopy. In OSG, the 
established canopy of old growth (Period 1) and new growth to further fill in the canopy 
(Period 2) served to intercept the energy contained in raindrops before it could reach the soil 
surface and cause soil detachment. This effect has been observed previously (Office of 
Technology Assessment —Report to 103rd Congress, 1993; Daniels et al., 1993; Pimental et 
al., 1987). Raindrops that fell past the canopy were met by a thick vegetative mat of residue 
at the soil surface. 
RC on OSG was not greater than on NSG in Period 1, possibly due to existing 
soybean residue on the newly seeded NSG plot. NSG suffered poor emergence during 
several weeks of drought in Period 1, which was followed by intense spring rainfall events 
that probably disturbed some of the soybean residue. This may account for the statistically 
significant difference in RC between OSG and NSG for Period 2. Statistically, however; 
difference in RC between Period 1 and Period 2 for NSG was not significant. Reasons for 
this unexpected result should be investigated further. Lee et al. (1999) noted that a mature 
stand of switchgrass can produce as much as 709 stems and 741 g/m2 of residue (dry weight). 
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Amount of RC was not different between Periods 1 and 2 for OSG. NTC RC in 
Period 2 was statistically greater than in Period 1. When one considers the method used to 
estimate RC, the Period 2 RC amounts could have been artificially low due to the larger 
amount of surface area covered by plant stems and leaves, which were not clipped prior to 
photographing the plots; however, the results do not reflect this. An attempt was made to 
minimize variability in RC measurements by averaging three separate measurements of RC 
in random locations on each plot. Additional measurements may have been necessary to 
minimize variability in plant density as well. 
More sediment was eroded from Period 2 plots than Period 1 plots for NTC and NSG. 
No differences were observed between Periods for OSG. Differences in loss of sediment for 
NTC and NSG may be difficult to explain except for the droughty conditions during Period 
1. Hillel (1989) states that in .most times of drought the "...drying processes causes 
aggregate shrinkage which can increase aggregate stability by making the aggregates more 
dense and cohesive...." 
Infiltration +Storage Capacity and Water Loss 
TWL was greater for all treatments in Period 2 than in Period 1. In contrast, all 
Period 1 treatments had higher ISC than Period 2 treatments. The largest difference was seen 
in NSG (23.12 Lm2), followed by OSG (16.47 Um2), then NTC (12.71 Lm2). Soil moisture 
levels may explain this trend. Drier conditions in Period 1 resulted in an improved ability to 
accommodate more precipitation. Period 2 soil moisture was much higher due to 
precipitation. Estimated total ISC for NTC was 609,600 Lha and 482,500 L/ha for Period 1 
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and Period 2, respectively. OSG TWL in Period 1 was 30,400 L/ha and in Period 2 was 
37,400 L/ha. 
NTC plots in Periods 1 and 2 had greater estimated ISC and lower TWL than the 
other treatments. This difference may be partly explained by the ammonia knife furrows in 
the NTC plots (Figure 5). Despite efforts to plug these furrows, they may have provided a 
preferred path for water flow that increased ISC, and reduced water loss from the end of the 
plot. Although the furrows did not constitute a large proportion of the total surface area of 
the plot, their ability to conduct water must be considered. The influence of preferential flow 
has been observed previously (Bouma, 1981; Gish and Shiromohammadi, 1991; and 
Luxmore and Fernand, 1993). Certain types of tillage, such as subsoiling and chiseling have 
been observed to create cracks used for preferential flow (Hillel, 1998). Mitchell and van 
Genuchten (1991) observed that during the early part of infiltration on surface cracked soils, 
infiltration of water was high, but would eventually diminish as the wetting front within the 
soil deepened far enough to pass the cracks. 
Without the effect of the knife furrows, OSG would have been expected to have a 
higher ISC, and lower TWL than NTC. Although organic matter was not measured in this 
study, the established root mass and greater residue cover on OSG would be expected to 
contribute organic matter to the soil. Increased soil organic matter has been associated with 
greater infiltration and water holding capacity by improving aggregation, porosity, and root 
penetration (Pimental et al., 1987; Mannering et al., 1963; Lee et al., 1999; Daniels et al., 
1993). Rachmann et al. (2002) observed that water infiltration within grass hedges was 
nearly 10 times higher than infiltration within the crop zone under soybean production. 
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Wischmeier and Mannering (1965) reported that an increase in organic matter from 1 to 4% 
reduced surface runoff by 2-3 times. 
OSG had greater ISC than NSG in Period 2 and was not different than NSG in Period 
1. OSG water loss was not different than NSG in Period 2, but was greater than NSG in 
Period 1. If Period 1 OSG had greater water loss than NSG, one would also expect to 
observe lower ISC. Additionally, we did not expect a difference in ISC between NSG and 
OSG in Period 2, based on similar water losses between these treatments. Reasons for these 
unexpected results should be investigated further. 
Nitrate +Nitrite and Total Phosphorus 
In Period 1, the N+N concentration in runoff from NTC was 6.18 mg/L higher than in 
runoff from OSG, even though fertilizer on OSG plots was not incorporated. It can be said 
with reasonable confidence that much of this is nitrate. Nitrite does not typically accumulate 
unless the soil is undergoing denitrification under waterlogged conditions, or is calcareous 
and in localized areas where NH4+ -containing or forming fertilizers such as anhydrous 
ammonia are being used (Tisdale, et al., 1993). The lack of incorporation of fertilizers and 
loss of nutrients in runoff water must be considered a contributor in all treatments. Laflen et 
al. (1984) noted that unincorporated nitrogen and phosphorus fertilizers in runoff water from 
no-till treatments were 5-9 times higher than fertilizers lost from plowed treatments. More 
input of N was applied per hectare to NTC than OSG and NSG. 
Nitrate is very soluble in water and does not bind readily to soil colloids (Tisdale, 
1993). N+N loss in runoff from NTC in this study may be tied to soil erosion; OSG and 
NSG in both Periods had greater water loss than NTC, but lower N+N concentrations. 
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Increased nitrogen loss has been reported with increased soil loss in studies of vFS (Dillaha 
et al., 1989). As soil was detached and transported in runoff during my study, it carried with 
it nitrogen remaining from unincorporated dry 18-46-60 fertilizer spread during the late fall 
of 1999, and anhydrous ammonia knifed in during the month before planting. NTC received 
112 kg/ha of 18-46-60 on November 1999, plus an additional 247 kgiha of anhydrous NH3
the following May. OSG received 140 kg/ha N on April 21, 2000; however NSG did not 
receive any N fertilizer. 
In both periods, NTC lost more N+N than OSG. In Period 1, NTC tended to lose 
more N+N than NSG (p=0.0776). N+N loss appears to be related to soil loss, as these 
contaminants (sediment and N+N) follow similar trends (NTC > NSG > OSG). Period 2 
NTC lost more N+N than Period 1 NTC, possibly due to greater TSL in Period 2. N+N loss 
was not different between periods for NSG or OSG. This would seem to indicate that N+N 
loss over time from these plots did not increase or decrease. I expected to see a difference in 
N+N as the growing season progressed. Magette et al. (1989) used Kentucky Fescue strips to 
filter runoff from tilled, unincorporated, fertilized ground, and found that the loss of nutrients 
decreased as the number of runoff events increased. They speculated that fewer nutrients 
were available for transport because the nutrients had already been lost in runoff, or were 
driven into the soil profile. I am not certain why my data was not consistent with Magette's. 
TP loss has been highly correlated with sediment loss. Dillaha et al. (1989) observed 
that TP loss and TSL followed the same general trends for orchard grass filter strips. A 
correlation coefficient of r=0.98 was calculated relating sediment and phosphorus yield. In 
my study, neither NSG nor OSG received fertilizers containing phosphorus; however, NTC 
received 112 kg/ha of 18-46-60 dry fertilizer in November 1999. In Period 1 NTC lost more 
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TP in runoff than NSG and OSG, following the same trend as sediment loss (NTC > NSG > 
OSG}. The same trends were noted for TP loss in Period 2. 
Period 1 OSG lost significantly more TP than Period 2 OSG. TSL was not different 
between periods for OSG. Reasons for the increased TP loss in Period 1 should be 
investigated further. TP loss was not different between Periods 1 and 2 for NSG or NTC. A 
possible explaination for this occurrence is that sufficient amounts of TP were available in 
the soils of both NSG and NTC. NSG did not receive P as a fertilizer, however; residual P 
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from row crops may have remained. N+N losses for NTC in Period 1 and Period 2 were 
0.117 kg/ha and 0.355 kg/ha, respectively. Total phosphorus loss in NTC was 0.019 kg/ha in 
Period 1, and 0.032 kg/ha in Period 2. 
Atrazine and Metolachlor 
More AT was lost from Period 1 NSG than NTC or OSG. AT loss does not appear to 
follow the trend of either TSL (NTC > NSG > OSG) or TWL (OSG > NSG > NTC). AT 
loss was not different between NTC and OSG for Period 1. Mean AT concentrations in 
Period 1 were 0.40 mg/L, 0.18 mg/L and 0.16 mg/L for NSG, OSG and NTC, respectively. 
MT concentrations in runoff were higher in Period 1 NTC than in NSG and OSG (following 
the same trend as TSL); however, AT and MT are neither highly soluble, nor do they absorb 
strongly to soil particles. These herbicides are formulated to be highly mobile in the soil 
(Cornell University-Atrazine, 1993; Cornell University -Metolachlor, 1993), so the lack of 
correlation between TSL and AT loss is not surprising, and the similarity in trends between 
TSL and MT loss is not considered important. Estimated total AT loss was 0.011 kg/ha for 
NSG. Estimated total MT loss for NTC was 0.0010 kg/ha. 
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AT loss in Period 2 did follow the same trend as TSL (NTC > NSG > OSG); 
however, I do not believe this indicates a true correlation. Data also do not support a 
relationship between AT loss and TWL in Period 2; the trend for TWL during Period 2 was 
OSG > NTC, NSG > NTC, and NSG = OSG. The results were unexpected because less AT 
was applied to NTC than the other treatments. Lower organic matter in NTC plots compared 
to NSG and OSG may have contributed to greater AT loss; however, we cannot confirm this 
because organic matter was not measured in this study. AT has been found to be highly 
mobile in soils with low organic matter (Cornell University-Atrazine, 1993). MT was not 
applied to NSG or OSG plots, so the higher MT loss measured from NTC plots was 
expected. Estimated total AT loss in NTC runoff during Period 2 was 0.003 kg/ha; for MT 
loss it was 0.0010 kg/ha. 
AT concentrations in NSG and OSG runoff during Period 2 were significantly lower 
than in Period 1. Period 2 NTC had significantly higher TSL and TWL than Period 1 NTC; 
however, AT loss from NTC was not different between periods. AT loss from NSG and 
OSG was significantly greater in Period 1 than in Period 2 (p<0.0001). The same trend was 
observed for MT losses from NTC (Period 1 > Period 2, p=0.0002). Shaw et al., 1994 noted 
that losses occurring during the first runoff event were higher than in subsequent runoff 
events; concentrations decreased significantly after the second runoff event. Because these 
results did not follow the same trends as TWL (Period 2 > Period 1 for NSG and OSG), we 
must look to other factors for an explanation. Increased microbial activity and increased 
plant uptake associated with warmer soil temperatures may have played a role. It was 
reported in Cornell University Extension Toxicology Network —Atrazine (1993) that most of 
AT breakdown could be accounted for by soil microbe activity, and that the rate of 
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breakdown was increased by the addition of organic matter. The same report for MT noted 
that the breakdown of MT was affected by soil temperature, moisture, microbial activity, 
leaching, and sunlight. MT loss from OSG plots in my study was not different between 
periods (and was only measured in trace amounts). NSG plots lost less than half the amount 
of MT than NTC, with slightly greater loss in Period 2 than in Period 1. MT was not applied 
to NSG or OSG plots so its contribution as a water contaminant is considered minimal. 
Vapor drift, residual chemical from previous years, or possibly lack of equipment cleaning 
between herbicide applications are possible sources for MT on NSG and OSG plots. 
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CONCLUSIONS 
The objective of this research was to determine how switchgrass production might 
affect water quality as compared to NTC production. With the exception of AT in Period 1, 
the results of this study indicate that runoff from switchgrass production, new or established, 
contains smaller amounts of sediment, nutrients and herbicides than does runoff from no-till 
crop production. This is convincing evidence that environmental benefit will be observed 
following establishment of a new stand of switchgrass, and that stands of mature switchgrass 
offer the best protection from sediment and nutrient loss in runoff, and herbicide 
contamination that may threaten water quality. The ability for switchgrass to minimize 
sediment and nutrient loss is improved as the new stand of switchgrass matures; with an 
estimated replanting interval of 15-20 years, native prairie grasses like switchgrass, 
established for bioenergy, can be expected to provide many years of improved water quality 
during their lifespan (Office of Technology Assessment, Report to 103rd U.S. Congress, 
1993). 
It was estimated that agricultural lands contributed as much as 223,590 tons of 
sediment, 735,920 pounds of nitrogen, and 249,480 pounds of phosphorus to Lake Rathbun 
per year (French et al., 1978). The Army Corps of Engineers recently estimated that the 
Lake Rathbun reservoir is filling with sediment three times faster than expected (Chariton 
Valley RC & D, 1999), so it is expected that other water quality contaminants of concern are 
higher than expected as well. Conversion of a portion of the land within the watershed to 
native perennial grasses for biomass production is predicted to help minimize soil and 
nutrient loss, and the use of agricultural chemicals, when best management practices are 
37 
employed. The preservation of Lake Rathbun as a source of drinking water and recreation 
will depend on the willingness of area farmers and livestock producers to take responsibility 
for the environmental soundness of their cropping and manure management practices. 
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Sediment Loss 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
PERIOD 1 
NTC 1 1 796 2:05:10 15 0.25 5.00 
NTC 1 1 797 2:10:30 15 0.31 6.20 
NTC 1 1 798 2:15:45 15 0.22 4.40 
NTC 1 1 799 2:20:45 15 0.33 6.60 
NTC 1 1 800 2:25:45 15 0.14 2.80 
NTC 1 1 801 2:30:45 15 0.32 6.40 
NTC 1 1 802 2 : 3 5 :45 15 0.40 8.00 
NTC 1 1 803 2:40:45 15 0.36 7.20 
NTC 1 1 804 2:45:45 15 0.30 6.00 
NTC 1 1 805 2:50:45 15 0.65 13.00 
NTC 1 1 806 2:55:45 15 0.51 10.20 
NTC 1 1 807 3:00:45 15 0.39 7.80 
NTC 1 1 832 3:06:15 15 0.52 10.40 
NTC 1 1 833 3:11:15 1 S 0.50 10.00 
NTC 1 1 834 3:15:45 15 0.46 9.20 
NTC 1 1 835 3:20:45 15 0.54 10.80 
NTC 1 2 808 1:37:00 15 0.41 8.20 
NTC 1 2 809 1:42:00 15 0.24 4.80 
NTC 1 2 810 1:47:00 l5 0.11 2.20 
NTC 1 2 811 1:52:00 15 0.15 3.00 
NTC 1 2 812 1:58:30 15 0.06 1.20 
NTC 1 2 813 2:03:30 15 0.08 1.60 
NTC 1 2 814 2:08:30 15 0.19 3.80 
NTC 1 2 815 2:13:30 15 0.13 2.60 
NTC 1 2 816 2:18:30 15 0.20 4.00 
NTC 1 2 817 2:23:30 15 0.32 6.40 
NTC 1 2 818 2:28:30 15 0.76 15.20 
NTC 1 2 819 2:33:30 15 0.66 13.20 
NTC 1 2 820 2:38:30 15 0.66 13.20 
NTC 1 2 821 2:43:30 15 0.71 14.20 
NTC 1 2 822 2:48:30 15 0.50 10.00 
NTC 1 2 823 2:53:30 15 0.77 15.40 
NTC 1 2 824 2:58:30 15 0.65 13.00 
NTC 1 2 825 . 3:03:30 15 1.14 22.80 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
NTC 1 3 712 1:06:30 15 0.51 10.20 
NTC 1 3 713 1:11:30 15 1.05 21.00 
NTC 1 3 714 1:16:30 15 3.26 65.20 
NTC 1 3 715 1:21:30 15 1.19 23.80 
NTC 1 3 716 1:26:30 15 1.87 37.40 
NTC 1 3 717 1:31:30 15 2.32 46.40 
NTC 1 3 718 1:36:30 15 3.03 60.60 
NTC 1 3 719 1:41:30 15 2.85 57.00 
NTC 1 3 720 1:46:30 15 3.38 67.60 
NTC 1 3 721 1:51:30 15 2.28 45.60 
NTC 1 3 722 1:56:30 15 1.81 36.20 
NTC 1 3 723 2:01:30 15 3.31 66.20 
NTC 1 3 964 2:06:30 15 2.25 45.00 
NTC 1 3 965 2:11:30 15 2.33 46.60 
NTC 1 3 966 2:16:30 15 1.79 35.80 
NTC 1 3 967 2:21:30 15 2.22 44.40 
NTC 1 4 159 1:22:00 15 0.31 6.20 
NTC 1 4 245 1:27:00 15 0.25 5.00 
NTC 1 4 50 1:32:00 15 0.17 3.40 
NTC 1 4 60 1:37:00 1 S 0.37 7.40 
NTC 1 4 69 1:42:00 15 0.15 3.00 
NTC 1 4 80 1:47:00 15 0.13 2.60 
NTC 1 4 94 1:52:00 15 0.27 5.40 
NTC 1 4 110 1:57:00 15 0.32 6.40 
NTC 1 4 179 2:02:00 15 0.20 4.00 
NTC 1 4 193 2:07:00 15 ~ 0.29 5.80 
NTC 1 4 237 2:12:00 15 0.38 7.60 
NTC 1 4 257 2:17:00 15 0.47 9.40 
NTC 1 4 285 2:22:00 15 0.23 4.60 
NTC 1 4 286 2:27:00 15 0.43 8.60 
NTC 1 4 700 2:32:00 15 0.72 14.40 
NTC 1 4 701 2:37:00 15 0.59 11.80 
NTC 1 4 702 2:42:00 15 0.46 9.20 
48 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
NTC 1 5 4 1:20:00 15 0.15 3.00 
NTC 1 5 74 1:25:00 15 0.60 12.00 
NTC 1 5 84 1:30:00 15 0.68 13.60 
NTC 1 5 123 1:35:00 15 0.21 4.20 
NTC 1 5 132 1:40:00 15 1.21 24.20 
NTC 1 5 161 1:45:00 15 1.68 33.60 
NTC 1 5 167 1:50:00 15 1.94 38.80 
NTC 1 5 205 1:55:00 15 1.31 26.20 
NTC 1 5 216 2:00:00 15 0.71 14.20 
NTC 1 5 246 2:05:00 15 0.21 4.20 
NTC 1 5 261 2:10:00 15 0.87 17.40 
NTC 1 5 271 2:15:00 15 1.54 30.80 
NTC 1 5 29 2:20:00 15 1.13 22.60 
NTC 1 5 39 2:25:00 15 0.92 18.40 
NTC 1 5 93 2:30:00 15 0.79 15.80 
NTC 1 5 101 2:35:00 15 0.52 10.40 
NTC 1 6 111 0:20:00 15 0.66 13.20 
NTC 1 6 43 0:29:00 15 0.45 9.00 
NTC 1 6 20 0:34:00 15 0.84 16.80 
NTC 1 6 47 0:39:00 15 0.80 16.00 
NTC 1 6 104 0:44:00 15 0.79 15.80 
NTC 1 6 70 0:49:00 15 0.62 12.40 
NTC 1 6 65 0:54:00 15 0.74 14.80 
NTC 1 6 35 0:59:00 15 0.56 11.20 
NTC 1 6 67 1:04:00 15 0.64 12.80 
NTC 1 6 112 1:09:00 15 0.62 12.40 
NTC 1 6 66 1:14:00 15 0.57 11.40 
NTC 1 6 73 1:19:00 15 0.58 11.60 
NTC 1 6 58 1:24:00 15 0.60 12.00 
NTC 1 6 185 1:29:00 15 0.59 11.80 
NTC 1 6 96 1:34:00 15 0.46 9.20 
NTC 1 6 46 1:39:00 15 0.41 8.20 
NSG 1 1 150 0:35:12 15 0.38 7.60 
NSG 1 1 229 0:40:12 15 0.44 8.80 
NSG 1 1 227 0:45:12 15 0.19 3.80 
NSG 1 1 24 0:50:12 15 0.39 7.80 
NSG 1 1 146 0:55:12 15 0.76 15.20 
NSG 1 1 189 1:00:12 15 0.20 4.00 
NSG 1 1 233 1:05:12 15 0.40 8.00 
NSG 1 1 120 1:10:12 15 0.24 4.80 
NSG 1 1 8 1:15:12 15 0.14 2.80 
NSG 1 1 18 1:20:12 15 0.35 7.00 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
NSG 1 2 6 0:23:00 15 0.20 4.00 
NSG 1 2 25 0:28:00 15 0.40 8.00 
NSG 1 2 36 0:33:00 15 1.28 25.60 
NSG 1 2 85 0:38:00 15 2.81 56.20 
NSG 1 2 115 0:43:00 15 2.80 56.00 
NSG 1 2 183 0:48:00 15 2.16 43.20 
NSG 1 2 186 0:53:00 15 1.78 35.60 
NSG 1 2 212 0:58:00 15 1.67 33.40 
NSG 1 2 222 1:03:00 15 0.76 15.20 
NSG 1 2 231 1:08:00 15 1.07 21.40 
NSG 1 2 247 1:13:00 15 1.07 21.40 
NSG 1 2 270 1:18:00 15 1.64 32.80 
NSG 1 2 21 1:23:00 15 1.42 28.40 
NSG 1 2 53 1:28:00 15 1.22 24.40 
NSG 1 2 95 1:33:00 15 1.22 24.40 
NSG 1 2 139 1:38:00 15 0.88 17.60 
NSG 1 3 5 0:38:10 15 0.26 5.20 
NSG 1 3 113 0:43:00 15 0.21 4.20 
NSG 1 3 117 0:48:00 15 0.28 5.60 
NSG 1 3 118 0:53:00 15 0.19 3.80 
NSG 1 3 119 0:58:00 15 0.44 8.80 
NSG 1 3 124 1:03:00 15 0.20 4.00 
NSG 1 3 130 1:08:00 15 0.22 4.40 
NSG 1 3 145 1:13:00 15 0.18 3.60 
NSG 1 3 148 1:18:00 15 0.24 4.80 
NSG 1 3 149 1:23:00 15 0.07 1.40 
NSG 1 3 211 1:28:00 15 0.25 5.00 
NSG 1 3 272 1:33:00 15 0.25 5.00 
NSG 1 3 12 1:38:00 15 0.28 5.60 
NSG 1 3 23 1:43:00 15 0.23 4.60 
NSG 1 3 34 1:48:00 15 0.19 3.80 
NSG 1 3 41 1:53:00 15 0.24 4.80 
NSG 1 4 55 0:38:00 15 0.07 1.40 
NSG 1 4 62 0:43:00 15 0.06 1.20 
NSG 1 4 64 0:48:00 15 0.16 3.20 
NSG 1 4 98 0:53:00 15 0.18 3.60 
NSG 1 4 108 0:58:00 15 0.79 15.80 
NSG 1 4 152 1:03:00 15 0.33 6.60 
NSG 1 4 164 1:08:00 15 0.41 8.20 
NSG 1 4 168 1:13:00 15 0.48 9.60 
NSG 1 4 206 1:18:00 15 0.44 8.80 
NSG 1 4 214 1:23:00 15 0.56 11.20 
NSG 1 4 215 1:28:00 15 0.31 6.20 
NSG 1 4 252 1:33:00 15 0.48 9.60 
NSG 1 4 22 1:38:00 15 0.57 11.40 
NSG 1 4 28 1:43:00 15 0.48 9.60 
NSG 1 4 54 1:48:00 15 0.47 9.40 
NSG 1 4 59 1:53:00 15 0.47 9.40 
NSG 1 5 27 0:32:30 15 0.14 2.80 
50 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec} Period (sec) Soil Mass (g) (g) 
NSG 1 5 44 0:37:30 15 0.13 2.60 
NSG 1 5 100 0:52:30 15 0.16 3.20 
NSG 1 5 136 0:57:30 15 -0.29 -5.80 
NSG 1 5 189 1:02:30 15 0.20 4.00 
NSG 1 5 203 1:07:30 15 0.19 3.80 
NSG 1 5 217 1:12:30 15 0.20 4.00 
NSG 1 5 246 1:17:30 15 0.21 4.20 
NSG 1 5 258 1:23:30 15 0.30 6.00 
NSG 1 5 265 1:25:30 15 0.29 5.80 
NSG 1 5 274 1:30:30 15 0.24 4.80 
NSG 1 5 281 1:35:30 15 0.23 4.60 
NSG 1 5 122 1:40:30 15 0.21 4.20 
NSG 1 5 128 1:45:30 15 0.19 3.80 
NSG 1 5 129 1:50:30 15 0.15 3.00 
NSG 1 5 158 1:55:30 15 0.23 4.60 
NSG 1 6 3 0:40:00 15 0.37 7.40 
NSG 1 6 127 0:45:00 15 0.56 11.20 
NSG 1 6 156 0:57:00 15 0.51 10.20 
NSG 1 6 187 1:02:00 15 0.40 8.00 
NSG 1 6 188 1:07:00 15 0.94 18.80 
NSG 1 6 190 1:12:00 15 0.42 8.40 
NSG 1 6 209 1:17:00 15 0.36 7.20 
NSG 1 6 225 1:22:00 15 0.60 12.00 
NSG 1 6 240 1:27:00 15 0.29 5.80 
NSG 1 6 242 1:32:00 15 0.29 5.80 
NSG 1 6 249 1:37:00 15 0.28 5.60 
NSG 1 6 284 1:42:00 15 0.23 4.60 
NSG 1 6 9 1:47:00 15 0.38 7.60 
NSG 1 6 37 1:52:00 15 0.49 9.80 
NSG 1 6 56 1:57:00 15 0.25 5.00 
NSG 1 6 57 2:02:00 15 0.23 4.60 
NSG 1 6 82 2:07:00 15 0.19 3.80 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
OSG 1 1 591 0:39:10 15 0.07 1.40 
OSG 1 1 592 0:44:10 15 0.11 2.20 
OSG 1 1 593 0:49:10 15 0.10 2.00 
OSG 1 1 594 0:54:10 15 0.03 0.60 
OSG 1 1 595 0:59:10 15 -0.18 -3.60 
OSG 1 1 596 1:04:10 15 0.15 3.00 
OSG 1 1 597 1:09:10 15 0.13 2.60 
OSG 1 1 598 1:14:10 15 0.13 2.60 
OSG 1 1 599 1:19:10 15 0.13 2.60 
OSG 1 1 600 1:24:10 15 0.15 3.00 
OSG 1 1 601 1:29:10 15 0.12 2.40 
OSG 1 1 602 1:34:10 15 0.10 2.00 
OSG 1 1 603 1:39: l0 15 0.10 2.00 
OSG 1 1 604 1:44:10 15 0.09 1.80 
OSG 1 1 605 1:49:10 15 0.08 1.60 
OSG 1 1 606 1:54:10 15 0.09 1.80 
OSG 1 2 615 0:30:00 15 0.09 1.80 
OSG 1 2 616 0:35:00 15 0.05 1.00 
OSG 1 2 617 0:40:00 15 0.09 1.80 
OSG 1 2 618 0:45:00 15 0.12 2.40 
OSG 1 2 b 19 0:50:00 15 0.14 2.80 
OSG 1 2 620 0:55:00 15 0.06 1.20 
OSG 1 2 621 1:00:00 15 -0.07 -1.40 
OSG 1 2 622 1:05:00 15 0.01 0.20 
OSG 1 2 623 1:10:00 15 0.13 2.60 
OSG 1 2 624 1:15:00 15 0.15 3.00 
OSG 1 2 625 1:20:00 15 0.12 2.40 
OSG 1 2 626 1:25:00 15 0.10 2.00 
OSG 1 2 688 1:30:00 15 0.08 1.60 
OSG 1 2 689 1:35:00 15 0.11 2.20 
OSG 1 2 690 1:40:00 15 0.06 1.20 
OSG 1 2 691 1:50:00 15 0.12 2.40 
OSG 1 2 692 1:55:00 15 0.07 1.40 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
OSG 1 3 781 0:11:30 15 0.05 1.00 
OSG 1 3 782 0:17:00 15 0.07 1.40 
OSG 1 3 783 0:21:30 15 0.08 1.60 
OSG 1 3 772 0:26:30 15 0.08 1.60 
OSG I 3 773 0:31:30 15 0.07 1.40 
OSG 1 3 774 0:36:30 15 0.13 2.60 
OSG 1 3 775 0:41:30 15 0.12 2.40 
OSG 1 3 776 0:46:30 15 0.07 1.40 
OSG 1 3 777 0:51:30 15 0.14 2.80 
OSG 1 3 778 0:56:30 15 0.09 1.80 
OSG 1 3 779 1:01:30 15 0.03 0.60 
OSG 1 3 780 1:06:30 15 0.14 2.80 
OSG 1 3 736 1:11:30 15 0.02 0.40 
OSG 1 3 737 1:16:30 15 0.03 0.60 
OSG 1 3 73 8 1:21:30 15 0.10 2.00 
OSG 1 3 739 1:26:30 15 0.03 0.60 
OSG 1 4 567 0:20:15 15 0.13 2.60 
OSG 1 4 568 0:25:15 15 0.11 2.20 
OSG 1 4 569 0:30:15 15 0.03 0.60 
OSG 1 4 570 0:35:15 15 0.08 1.60 
OSG 1 4 571 0:40:25 15 0.15 3.00 
OSG 1 4 572 0:45:15 15 0.12 2.40 
OSG 1 4 573 0:50:15 15 0.11 2.20 
OSG 1 4 574 0:55:15 15 0.12 2.40 
OSG 1 4 575 1:00:15 15 0.18 3.60 
OSG 1 4 576 1:05:15 15 0.07 1.40 
OSG 1 4 577 1:10:15 15 0.10 2.00 
OSG 1 4 578 1:15:15 15 0.11 2.20 
OSG 1 4 672 1:20:15 15 0.07 1.40 
OSG 1 4 673 1:25:15 15 -0.03 -0.60 
OSG 1 4 674 1:30:15 15 0.07 1.40 
OSG 1 4 675 1:35:15 15 0.09 1.80 
OSG 1 5 639 0:34:00 15 0.09 1.80 
OSG 1 5 640 0:39:00 15 0.07 1.40 
OSG 1 5 641 0:44:00 15 0.11 2.20 
OSG 1 5 642 0:49:00 15 0.08 1.60 
OSG 1 5 643 0:54:00 15 0.12 2.40 
OSG 1 5 644 0:59:00 15 0.12 2.40 
OSG 1 5 645 1:04:00 15 0.12 2.40 
OSG 1 5 646 1:09:00 15 0.12 2.40 
OSG 1 5 647 1:14:00 15 0.12 2.40 
OSG 1 5 648 1:19:00 15 -0.02 -0.40 
OSG 1 5 649 1:24:00 15 0.21 4.20 
OSG 1 5 650 1:29:00 15 0.11 2.20 
OSG 1 5 676 1:34:00 15 0.08 1.60 
53 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
OSG 1 6 868 0:41:15 15 0.30 6.00 
OSG 1 6 869 0:46:15 15 0.36 7.20 
OSG 1 6 870 0:51:15 15 0.24 4.80 
OSG 1 6 871 0:56:15 15 0.26 5.20 
OSG 1 6 872 1:01:15 15 0.21 4.20 
OSG 1 6 873 1:06:15 15 0.08 1.60 
OSG 1 6 874 1:11:15 15 0.26 5.20 
OSG 1 6 875 1:16:15 15 0.30 6.00 
OSG 1 6 876 1:21:15 15 0.27 5.40 
OSG 1 6 877 1:26:15 15 0.21 4.20 
OSG 1 6 878 1:31: l5 15 0.20 4.00 
OSG 1 6 879 1:36:15 15 0.25 5.00 
OSG 1 6 784 1:41:15 15 0.11 2.20 
OSG 1 6 785 1:46:15 15 0.15 3.00 
OSG 1 6 786 1:51:15 15 0.19 3.80 
OSG 1 6 788 1:56:15 15 0.09 1.80 
PERIOD 2 
NTC 2 1 672 0:43:00 15 0.1 2.00 
NTC 2 1 67 5 0:48:00 15 0.07 1.40 
NTC 2 1 702 0: 5 3:00 15 0.09 . 1.80 
NTC 2 1 704 0: 5 8:00 15 0.11 2.20 
NTC 2 1 707 1:03:00 1 S 0.48 9.60 
NTC 2 1 708 1:08:00 15 0.56 11.20 
NTC 2 1 808 1:13:00 15 0.71 14.20 
NTC 2 1 809 1:18:00 l 5 0.65 13.00 
NTC 2 1 810 1:23:00 1 S 0.68 13.60 
NTC 2 1 811 1:28:00 15 0.69 13.80 
NTC 2 1 812 1:33:00 15 0.85 17.00 
NTC 2 1 813 1: 3 8:00 15 0.6 12.00 
NTC 2 1 832 1:43:00 15 0.46 9.20 
NTC 2 1 83 3 1:48 :00 15 0.26 5.20 
NTC 2 1 837 1:53:00 1 S 0.66 13.20 
NTC 2 1 839 1:58:00 15 0.63 12.60 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
NTC 2 2 8 0:45:00 15 0.36 7.20 
NTC 2 2 19 0:50:00 15 0.46 9.20 
NTC 2 2 24 0:55:00 15 0.65 13.00 
NTC 2 2 40 1:00:00 15 1.07 21.40 
NTC 2 2 79 1:05:00 15 0.99 19.80 
NTC 2 2 143 1:10:00 15 0.88 17.60 
NTC 2 2 146 1:15:00 15 0.49 9.80 
NTC 2 2 150 1:20:00 15 0.87 17.40 
NTC 2 2 154 1:25:00 15 0.81 16.20 
NTC 2 2 155 1:30:00 15 0.81 16.20 
NTC 2 2 160 1: 3 5 :00 15 -0.26 -5.20 
NTC 2 2 184 1:40:00 15 
NTC 2 2 197 1:45:00 15 0.95 19.00 
NTC 2 2 208 1:50:00 15 1.91 38.20 
NTC 2 2 221 1: 5 5:00 15 1.08 21.60 
NTC 2 2 224 2:00:00 15 0.58 11.60 
NTC 2 3 924 0:46:30 15 0.28 5.60 
NTC 2 3 925 0:51:30 15 0.63 12.60 
NTC 2 3 926 0:56:30 15 0.5 10.00 
NTC 2 3 927 1:01:30 15 1.22 24.40 
NTC 2 3 988 1:06:30 15 1.54 30.80 
NTC 2 3 989 1:11:30 15 1.55 31.00 
NTC 2 3 990 1:16:30 15 1.52 30.40 
NTC 2 3 991 1:21:30 15 1.33 26.60 
NTC 2 3 992 1:26:30 15 1.79 35.80 
NTC 2 3 993 1:31:30 15 1.28 25.60 
NTC 2 3 994 1:36:30 15 1.98 39.60 
NTC 2 3 996 1:41:30 15 1.15 23.60 
NTC 2 3 995 1:46:30 15 1.66 33.20 
NTC 2 3 997 1:51:30 15 0.77 15.40 
NTC 2 4 904 0:32:46 15 0.25 5.00 
NTC 2 4 905 0:38:36 15 0.23 4.60 
NTC 2 4 906 0:42:46 15 1.24 24.80 
NTC 2 4 907 0:47:46 15 2.41 48.20 
NTC 2 4 908 0:52:46 15 1.78 35.60 
NTC 2 4 909 0:57:46 15 1.76 35.20 
NTC 2 4 910 1:02:46 15 1.33 26.60 
NTC 2 4 911 1:07:46 15 1.21 24.20 
NTC 2 4 912 1:12:46 15 1.09 21.80 
NTC 2 4 913 1:17:46 15 1.41 28.20 
NTC 2 4 914 1:22:46 15 0.92 18.40 
NTC 2 4 915 1:27:46 15 0.66 13.20 
NTC 2 4 960 1:32:46 15 1.17 23.40 
NTC 2 4 961 1:37:46 15 1.23 24.60 
NTC 2 4 963 1:42:46 I S 1.49 29.80 
NTC 2 4 975 1:47:46 15 1.05 21.00 
55 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
NTC 2 5 844 0:27:20 15 0.25 5.00 
NTC 2 5 845 0:32:20 15 0.84 16.80 
NTC 2 5 846 0:37:20 15 0.91 18.20 
NTC 2 5 847 0:42:20 15 2.19 43.80 
NTC 2 5 848 0:47:20 15 2.73 54.60 
NTC 2 5 849 0:52:20 15 3.31 66.20 
NTC 2 5 850 0:57:20 15 4.36 87.20 
NTC 2 5 851 1:02:20 15 4.44 88.80 
NTC 2 5 852 1:07:20 15 5.61 112.20 
NTC 2 5 853 1:12:20 15 4.1 82.00 
NTC 2 5 854 1:17:20 15 4.46 89.20 
NTC 2 5 855 1:22:20 15 3.99 79.80 
NTC 2 5 660 1:27:20 15 2.66 53.20 
NTC 2 5 662 1:32:20 15 3.08 61.60 
NTC 2 5 663 1:37:20 15 2.84 56.80 
NTC 2 5 789 1:42:20 15 2.6 52.00 
NTC 2 6 881 0:31:50 15 0.33 6.60 
NTC 2 6 882 0:36:50 15 0.9 18.00 
NTC 2 6 883 0:41:50 I S 0.89 17.80 
NTC 2 6 884 0:46:50 15 1.34 26.80 
NTC 2 6 885 0:51:50 15 1.67 33.40 
NTC 2 6 886 0:56:50 15 1.83 36.60 
NTC 2 6 887 1:01:50 15 2.24 44.80 
NTC 2 6 888 1:06:50 15 1.53 30.60 
NTC 2 6 889 1:11:50 15 1.2 24.(}0 
NTC 2 6 890 1:16:50 I S 1.61 32.20 
NTC 2 6 891 1:21:50 15 2.05 41.00 
NTC 2 6 928 1:26:50 15 3.33 66.60 
NTC 2 6 929 1:31:50 15 1.93 38.60 
NTC 2 6 930 1:36:50 15 2.91 58.20 
NTC 2 6 931 1:41:50 15 1.87 37.40 
NTC 2 6 932 1:46:50 15 1.59 31.80 
NSG 2 1 165 0:12:00 15 0.27 5.40 
NSG 2 1 159 0:17:00 15 0.66 13.20 
NSG 2 1 193 0:22:00 15 1.28 25.60 
NSG 2 1 76 0:27:00 15 1.11 22.20 
NSG 2 1 257 0:32:00 15 1.59 31.80 
NSG 2 1 69 0:37:00 15 1.58 31.60 
NSG 2 1 261 0:42:00 15 0.88 17.60 
NSG 2 1 58 0:47:00 15 0.67 13.40 
NSG 2 1 109 0:52:00 15 0.94 18.80 
NSG 2 1 107 0:57:00 15 
NSG 2 1 243 1:02:00 15 0.61 12.20 
NSG 2 1 4 1:07:00 15 0.84 16.80 
NSG 2 1 274 1:12:00 15 1.55 31.00 
NSG 2 1 83 1:17:00 15 0.98 19.60 
NSG 2 1 166 1:22:00 15 0.82 16.40 
NSG 2 1 207 1:27:00 15 1.18 23.60 
NSG 2 2 104 0:10:00 15 
56 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g} 
NSG 2 2 73 0:15:00 15 0.04 0.80 
NSG 2 2 266 0:20:00 15 1.33 26.60 
NSG 2 2 48 0:26:00 15 1.64 32.80 
NSG 2 2 220 0:30:00 15 2.02 40.40 
NSG 2 2 111 0:35:00 15 1.3 26.00 
NSG 2 2 133 0:40:00 15 1.04 20.80 
NSG 2 2 65 0:45:00 15 1.04 20.80 
NSG 2 2 20 0:50:00 15 2.52 50.40 
NSG 2 2 87 0:55:00 15 1.96 39.20 
NSG 2 2 175 1:00:00 15 0.97 19.40 
NSG 2 2 129 1:05:00 15 0.8 16.00 
NSG 2 2 234 1:10:00 15 0.98 19.60 
NSG 2 2 128 1:15:00 15 1.4 28.00 
NSG 2 2 178 1:20:00 15 1.4 28.00 
NSG 2 2 174 1:25:00 15 1.53 30.60 
NSG 2 3 631 0:23:20 15 3.04 60.80 
NSG 2 3 632 0:28:20 15 2.6 52.00 
NSG 2 3 627 0:33:20 15 2.42 48.40 
NSG 2 3 629 0:38:20 15 2.33 46.60 
NSG 2 3 664 0:43:20 15 1.8 36.00 
NSG 2 3 667 0:48:20 15 2.04 40.80 
NSG 2 3 676 0:53:20 15 2.13 42.60 
NSG 2 3 670 0:58:20 15 1.91 38.20 
NSG 2 3 671 1:03:20 15 1.86 37.20 
NSG 2 3 685 1:09:20 15 1.85 37.00 
NSG 2 3 763 1:14:20 15 1.67 33.40 
NSG 2 3 868 1:19:20 15 1.65 33.00 
NSG 2 3 739 1:24:20 15 2.02 40.40 
NSG 2 3 741 1:29:20 15 1.81 36.20 
NSG 2 3 745 1:34:20 15 1.79 35.80 
NSG 2 3 869 1:39:20 15 1.68 33.60 
NSG 2 3 879 1:44:20 15 1.5 30.00 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec} Period (sec) Soil Mass (g) (g) 
NSG 2 4 55 0:13:00 15 0.14 2.80 
NSG 2 4 138 0:18:00 15 0.36 7.20 
NSG 2 4 195 0:23:00 15 0.65 13.00 
NSG 2 4 49 0:28:00 15 0.69 13.80 
NSG 2 4 252 0:33:00 15 0.48 9.60 
NSG 2 4 263 0:38:00 15 0.47 9.40 
NSG 2 4 268 0:43:00 15 0.47 9.40 
NSG 2 4 57 0:48:00 15 0.44 8.80 
NSG 2 4 98 0:53:00 15 0.47 9.40 
NSG 2 4 244 0:58:00 15 0.45 9.00 
NSG 2 4 213 1:03:00 15 0.54 10.80 
NSG 2 4 186 1:08:00 15 0.52 10.40 
NSG 2 4 44 1:13:00 15 0.53 10.60 
NSG 2 4 82 1:18:00 15 0.49 9.80 
NSG 2 4 183 1:23:00 15 0.51 10.20 
NSG 2 4 146 1:28:00 15 0.49 9.80 
NSG 2 5 273 0:16:00 15 0.47 9.40 
NSG 2 5 613 0:21:00 15 0.68 13.60 
NSG 2 5 614 0:26:00 15 0.69 13.80 
NSG 2 5 658 0:31:00 15 0.64 12.80 
NSG 2 5 659 0:36:00 15 0.66 13.20 
NSG 2 5 665 0:41:00 15 0.59 11.80 
NSG 2 5 666 0:46:00 15 0.66 13.20 
NSG 2 5 669 0:51:00 15 0.5 10.00 
NSG 2 5 679 0:56:00 15 0.5 10.00 
NSG 2 5 780 1:01:00 15 0.54 10.80 
NSG 2 5 842 1:06:00 15 0.49 9.80 
NSG 2 5 843 1:11:00 15 0.55 11.00 
NSG Z 5 949 1:16:00 15 0.46 9.20 
NSG 2 5 951 1:21:00 15 
NSG 2 5 952 1:26:00 15 0.48 9.60 
NSG 2 5 953 1:31:00 15 0.43 8.60 
NSG 2 6 703 0:14:00 15 0.45 9.00 
NSG 2 6 719 0:19:00 15 0.41 8.20 
NSG 2 6 723 0:24:00 15 1.41 28.20 
NSG 2 6 764 0:29:00 15 1.36 27.20 
NSG 2 6 802 0:34:00 15 1.26 25.20 
NSG 2 6 823 0:39:00 15 0.92 18.40 
NSG 2 6 829 0:44:00 15 1.42 28.40 
NSG 2 6 838 0:49:00 15 1.41 28.20 
NSG 2 6 943 0:54:00 15 1.11 22.20 
NSG 2 6 954 0:59:00 15 1.52 30.40 
NSG 2 6 964 1:04:00 15 1.14 22.80 
NSG 2 6 965 1:09:00 15 0.98 19.60 
NSG 2 6 969 1:14:00 15 0.75 15.00 
NSG 2 6 970 1:19:00 15 0.51 10.20 
NSG 2 6 972 1:24:00 15 0.7 14.00 
NSG 2 6 973 1:29:00 15 0.55 11.00 
OSG 2 1 603 0:21:00 15 0.09 1.80 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min: sec) Period (sec) Soil Mass (g) (g) 
OSG 2 1 604 0:26:00 15 0.16 3.20 
OSG 2 1 606 0:31:00 15 0.1 2.00 
OSG 2 1 607 0:36:00 15 0.25 5.00 
OSG 2 1 639 0:41:00 15 0.12 2.40 
OSG 2 1 642 0:46:00 15 0.12 2.40 
OSG 2 1 645 0:51:00 15 0.07 1.40 
OSG 2 1 651 0:56:00 15 0.13 2.60 
OSG Z 1 653 1:01:00 15 0.07 1.40 
OSG 2 1 695 1:06:00 15 0.06 1.20 
OSG 2 1 697 1:11:00 15 0.07 1.40 
OSG 2 1 800 1:16:00 15 0.06 1.20 
OSG 2 1 804 1:21:00 15 0.06 1.20 
OSG 2 1 807 1:26:00 15 0.09 1.80 
OSG 2 1 820 1:31:00 15 0.09 1.80 
OSG 2 1 821 1:36:00 15 0.08 1.60 
OSG 2 2 595 0:25:00 15 0.05 1.00 
OSG 2 2 598 0:30:00 15 0.08 1.60 
OSG 2 2 644 0:35:00 15 92.06 1841.20 
OSG 2 2 643 0:40:00 15 0.09 1.80 
OSG 2 2 657 0:45:00 15 0.05 1.00 
OSG 2 2 779 0:50:00 15 0.04 0.80 
OSG 2 2 781 0:55:00 15 0.06 1.20 
OSG 2 2 796 1:00:00 15 0.07 1.40 
OSG 2 2 798 1:05:00 15 0.06 1.20 
OSG 2 2 799 1:10:00 15 0.06 1.20 
OSG 2 2 801 1:15:00 15 0.08 1.60 
OSG 2 2 873 1:20:00 15 -0.93 -18.60 
OSG 2 2 900 1:25:00 15 0.02 0.40 
OSG 2 2 903 1:30:00 15 0.06 1.20 
OSG 2 2 956 1:35:00 15 0.06 1.20 
OSG 2 2 971 1:40:00 15 0.04 0.80 
59 
Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period (sec) Soil Mass (g) (g) 
OSG 2 3 13 0:23:00 15 0.19 3.80 
OSG 2 3 18 0:28:00 15 0.11 2.20 
OSG 2 3 31 0:33:00 15 0.07 1.40 
OSG 2 3 78 0:38:00 15 0.05 1.00 
OSG 2 3 75 0:43:00 15 0.06 1.20 
OSG 2 3 92 0:48:00 15 0.07 1.40 
OSG 2 3 97 0:53:00 15 0.08 1.60 
OSG 2 3 120 0:58:00 15 0.06 1.20 
OSG 2 3 140 1:03:00 15 0.07 1.40 
OSG 2 3 229 1:08:00 15 0.09 1.80 
OSG 2 3 233 1:13:00 15 0.06 1.20 
OSG 2 3 262 1:18:00 15 0.06 1.20 
OSG 2 3 586 1:23:00 15 0.13 2.60 
OSG 2 3 587 1:28:00 15 0.07 1.40 
OSG 2 3 597 1:33:00 15 0.04 0.80 
OSG 2 3 601 1:38:00 15 0.06 1.20 
OSG 2 4 678 0:23:00 15 0.13 2.60 
OSG 2 4 701 0:28:00 15 0.08 1.60 
OSG 2 4 705 0:33:00 15 0.1 2.00 
OSG 2 4 706 0:38:00 15 0.1 2.00 
OSG 2 4 805 0:43:00 15 0.09 1.80 
OSG 2 4 835 0:48:00 15 0.08 1.60 
OSG 2 4 836 0:53:00 15 0.08 1.60 
OSG 2 4 858 0:58:00 15 0.07 1.40 
OSG 2 4 863 1:03:00 15 0.07 1.40 
OSG 2 4 864 1:08:00 15 0.07 1.40 
OSG 2 4 877 1:13:00 15 0.07 1.40 
OSG 2 4 878 1:18:00 15 0.09 1.80 
OSG 2 4 894 1:23:00 I S 0.07 1.40 
OSG 2 4 898 1:28:00 15 0.04 0.80 
OSG 2 4 901 1:33:00 15 0.08 1.60 
OSG 2 4 955 1:38:00 IS 0.07 1.40 
OSG 2 5 591 0:25:00 15 0.1 2.00 
OSG 2 5 592 0:30:00 15 O.I3 2.60 
OSG 2 5 609 0:35:00 15 0.11 2.20 
OSG 2 5 610 0:40:00 15 0.13 2.60 
OSG 2 5 612 0:45:00 15 0.13 2.60 
OSG 2 5 652 0:50:00 15 0.11 2.20 
OSG 2 5 654 0:55:00 15 0.19 3.80 
OS G 2 5 681 1:00:00 15 0.08 1.60 
OSG 2 5 688 1:05:00 15 0.08 1.60 
OSG 2 5 689 1:10:00 15 0.08 1.60 
OSG 2 5 690 1:15:00 15 0.11 2.20 
OSG 2 5 691 1:20:00 15 0.09 1.80 
OSG 2 5 692 1:25:00 15 0.09 1.80 
OSG 2 5 693 1:30:00 15 0.07 1.40 
OSG 2 5 694 1:35:00 15 0.09 1.80 
OSG 2 5 696 1:40:00 15 0.05 1.00 
OSG 2 6 648 0:30:00 15 0.06 1.20 
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Est. Soil Mass Per 
Sample Begin Collection 5 Minute Interval 
Trtmnt. Per. Rep. Bottle # (hr:min:sec) Period {sec) Soil Mass (g) (g) 
OSG 2 6 673 0:35:00 15 0.08 1.60 
OSG 2 6 726 0:40:00 15 0.08 1.60 
OSG 2 6 731 0:45:00 1 S 0.07 1.40 
OSG 2 6 734 0:50:00 15 0.06 1.20 
OSG 2 6 773 0:55:00 15 0.09 1.80 
OSG 2 6 777 1:00:00 15 0.14 2.80 
OSG 2 6 782 1:05:00 15 0.07 1.40 
OSG 2 6 783 1:10:00 15 0.05 1.00 
OSG 2 6 784 1:15:00 15 0.06 1.20 
OSG 2 6 786 1:20:00 15 0.05 1.00 
OSG 2 6 787 1:25:00 15 0.07 1.40 
OSG 2 6 788 1:30:00 15 0.05 1.00 
OSG 2 6 790 1:35:00 15 0.05 1.00 
OSG 2 6 792 1:40:00 1 S 0.04 0.80 
OSG 2 6 793 1:45:00 15 0.04 0.80 
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Infiltration +Storage Capacity and Water Loss 
plot size = 29800 cm2
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
Period 1 No-Till Corn 
avg. rate of rainfall: rep 1 = .72 mmlmin, rep 2 = .72, rep 3 = .67, 
repo=.42,rep5=.39,rep6=.53 
NTC 1 796 2:05:10 0.05 0.97 10.73 268.20 
NTC 1 797 2:10:30 0.06 1.29 10.73 277.64 
NTC 1 798 2:15:45 0.07 1.33 10.73 287.04 
NTC 1 799 2:20:45 0.08 1.52 10.73 296.25 
NTC 1 800 2:25:45 0.07 1.43 10.73 305.55 
NTC 1 801 2:30:45 0.09 1.78 10.73 314.50 
NTC 1 802 2:35:45 0.11 2.15 10.73 323.08 
NTC 1 803 2:40:45 0.11 2.30 10.73 331.51 
NTC 1 804 2:45:45 0.12 2.34 10.73 339.91 
NTC 1 805 2:50:45 0.14 2.78 10.73 347.86 
NTC 1 806 2:55:45 0.16 3.18 10.73 355.41 
NTC 1 807 3:00:45 0.16 3.14 10.73 362.99 
NTC 1 832 3:06:15 0.15 3.02 10.73 370.70 
NTC 1 833 3:11: I S 0.14 2.86 10.73 378.56 
NTC 1 834 3:15:45 0.14 2.74 10.73 386.55 
NTC 1 835 3:20:45 0.15 2.98 10.73 394.29 
NTC 2 808 1:37:00 0.07 1.31 10.73 208.12 
NTC 2 809 1:42:00 0.05 1.03 10.73 217.82 
NTC 2 810 1:47:00 0.03 0.56 10.73 227.98 
NTC 2 811 1:52:00 0.03 0.59 10.73 238.13 
NTC 2 812 1:58:30 0.03 0.50 10.73 248.35 
NTC 2 813 2:03:30 0.01 0.26 10.73 258.82 
NTC 2 814 2:08:30 0.03 0.64 10.73 268.91 
NTC 2 815 2:13:30 0.03 0.62 10.73 279.02 
NTC 2 816 2:18:30 0.06 1.11 10.73 288.64 
NTC 2 817 2:23:30 0.15 3.03 10.73 296.34 
NTC 2 818 2:28:30 0.22 4.46 10.73 302.61 
NTC 2 819 2:33:30 0.25 4.91 10.73 308.42 
NTC 2 820 2:38:30 0.23 4.64 10.73 314.51 
NTC 2 821 2:43:30 0.23 4.59 10.73 320.65 
NTC 2 822 2:48:30 0.26 5.15 10.73 326.23 
NTC 2 823 2:53:30 0.20 4.04 10.73 332.92 
NTC 2 824 2:58:30 0.23 4.52 10.73 339.13 
NTC 2 825 3:03:30 0.30 5.99 10.73 343.87 
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Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NTC 3 712 1:06:30 0.05 0.99 9.98 133.77 
NTC 3 713 1:11:30 0.08 1.63 9.98 142.13 
NTC 3 714 1:16:30 0.20 3.97 9.98 148.15 
NTC 3 715 1:21:30 0.20 4.03 9.98 154.10 
NTC 3 716 1:26:30 0.24 4.77 9.98 159.31 
NTC 3 717 1:31:30 0.25 5.01 9.98 164.29 
NTC 3 718 1:36:30 0.25 5.08 9.98 169.19 
NTC 3 719 1:41:30 0.30 5.95 9.98 173.22 
NTC 3 720 1:46:30 0.31 6.16 9.98 177.05 
NTC 3 721 1:51:30 0.28 5.6I 9.98 181.42 
NTC 3 722 1:56:30 0.30 6.07 9.98 185.33 
NTC 3 723 2:01:30 0.36 7.29 9.98 188.02 
NTC 3 964 2:06:30 0.35 6.90 9.98 191.10 
NTC 3 965 2:11:30 0.35 7.04 9.98 194.04 
NTC 3 966 2:16:30 0.34 6.83 9.98 197.20 
NTC 3 967 2:21:30 0.38 7.56 9.98 199.62 
NTC 4 159 1:22:00 0.07 1.43 6.26 102.63 
NTC 4 245 1:27:00 0.09 1.90 6.26 106.99 
NTC 4 50 1:32:00 0.08 1.63 6.26 111.62 
NTC 4 60 1:37:00 0.11 2.23 6.26 115.65 
NTC 4 69 1:42:00 0.10 1.91 6.26 120.00 
NTC 4 80 1:47:00 0.11 2.14 6.26 124.12 
NTC 4 94 1:52:00 0.14 2.76 6.26 127.62 
NTC 4 110 1:57:00 0.14 2.78 6.26 131.10 
NTC 4 179 2:02:00 0.14 2.79 6.26 134.56 
NTC 4 193 2:07:00 0.15 3.06 6.26 137.76 
NTC 4 237 2:12:00 0.16 3.20 6.26 140.82 
NTC 4 257 2:17:00 0.18 3.50 6.26 143.58 
NTC 4 285 2:22:00 0.16 3.17 6.26 146.67 
NTC 4 286 2:27:00 0.21 4.24 6.26 148.68 
NTC 4 700 2:32:00 0.25 4.95 6.26 149.99 
NTC 4 701 2:37:00 0.25 5.07 6.26 151.18 
NTC 4 702 2:42:00 0.24 4.73 6.26 152.70 
NTC 5 4 1:20:00 0.04 0.84 5.81 92.98 
NTC 5 74 1:25:00 0.07 1.39 5.81 97.40 
NTC 5 84 1:30:00 0.08 1.54 5.81 101.67 
NTC 5 123 1:35:00 0.05 1.09 5.81 106.39 
NTC 5 132 1:40:00 0.15 3.00 5.81 109.21 
NTC 5 161 1:45:00 0.22 4.36 5.81 110.65 
NTC 5 167 1:50:00 0.26 5.21 5.81 111.26 
NTC 5 205 1:55:00 0.22 4.38 5.81 112.69 
NTC 5 216 2:00:00 0.23 4.58 5.81 113.92 
NTC 5 246 2:05:00 0.31 6.17 5.81 113.56 
NTC 5 261 2:10:00 0.24 4.89 5.81 114.48 
NTC 5 271 2:15:00 0.27 5.49 5.81 114.79 
NTC 5 29 2:20:00 0.28 5.60 5.81 115.01 
NTC 5 39 2:25:00 0.27 5.40 5.81 115.41 
NTC 5 93 2:30:00 0.27 5.35 5.81 115.87 
NTC 5 101 2:35:00 0.25 5.04 5.81 116.64 
63 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NTC 6 111 0:20:00 0.17 3.38 7.90 31.59 
NTC 6 43 0:29:00 0.21 4.16 7.90 35.32 
NTC 6 20 0:34:00 0.29 5.87 7.90 37.35 
NTC 6 47 0:39:00 0.38 7.61 7.90 37.63 
NTC 6 104 0:44:00 0.40 8.02 7.90 37.51 
NTC 6 70 0:49:00 0.38 7.51 7.90 37.90 
NTC 6 65 0:54:00 0.48 9.58 7.90 36.21 
NTC 6 35 0:59:00 0.43 8.69 7.90 35.42 
NTC 6 67 1:04:00 0.45 9.09 7.90 34.23 
NTC 6 112 1:09:00 0.49 9.78 7.90 32.35 
NTC 6 66 1:14:00 0.51 10.21 7.90 30.03 
NTC 6 73 1:19:00 0.51 10.18 7.90 27.74 
NTC 6 58 1:24:00 0.50 10.07 7.90 25.57 
NTC 6 185 1:29:00 0.48 9.66 7.90 23.81 
NTC 6 96 1:34:00 0.48 9.59 7.90 22.11 
NTC 6 46 1:39:00 0.47 9.47 7.90 20.54 
Period 1 New Switch~rass 
avg rate of rainfall: rep 1 = .95 mm/min, rep 2 = .89, rep 3 = .70, rep 4 = 
.91,rep5=.95,rep6= 1.06 
NSG 1 150 0:35:12 0.13 2.66 14.16 99.09 
NSG 1 229 0:40:12 0.18 3.55 14.16 109.69 
NSG 1 227 0:45:12 0.20 4.03 14.16 119.81 
NSG 1 24 0:50:12 0.22 4.41 14.16 129.56 
NSG 1 146 0:55:12 0.26 5.19 14.16 138.52 
NSG 1 189 1:00:12 0.22 4.37 14.16 148.30 
NSG 1 233 1:05:12 0.33 6.67 14.16 155.79 
NSG 1 120 1:10:12 0.31 6.13 14.16 163.81 
NSG 1 8 1:15:12 0.28 5.67 14.16 172.29 
NSG 1 18 1:20:12 0.33 6.63 14.16 179.82 
NSG 2 6 0:23:00 0.03 0.60 13.26 61.00 
NSG 2 25 0:28:00 0.05 0.91 13.26 73.35 
NSG 2 36 0:33:00 0.14 2.82 13.26 83.79 
NSG 2 85 0:38:00 0.35 6.92 13.26 90.13 
NSG 2 115 0:43:00 0.43 8.53 13.26 94.86 
NSG 2 183 0:48:00 0.47 9.38 13.26 98.74 
NSG Z 186 0:53:00 0.46 9.18 13.26 102.81 
NSG 2 212 0:58:00 0.51 10.27 13.26 105.80 
NSG 2 222 1:03:00 0.49 9.78 13.26 109.29 
NSG 2 231 1:08:00 0.49 9.71 13.26 112.84 
NSG 2 247 1:13:00 0.49 9.89 13.26 116.21 
NSG 2 270 1:18:00 0.51 10.11 13.26 119.36 
NSG 2 21 1:23:00 0.54 10.71 13.26 121.91 
NSG 2 53 1:28:00 0.51 10.18 13.26 124.99 
NSG 2 95 1:33:00 0.50 10.01 13.26 128.24 
NSG 2 139 1:38:00 0.51 10.15 13.26 131.35 
64 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NSG 3 5 0:38:10 0.17 3.34 10.43 79.27 
NSG 3 113 0:43:00 0.29 5.74 10.43 83.96 
NSG 3 117 0:48:00 0.36 7.15 10.43 87.24 
NSG 3 118 0:53:00 0.36 7.18 10.43 90.49 
NSG 3 119 0:58:00 0.38 7.68 10.43 93.24 
NSG 3 124 1:03:00 0.40 7.96 10.43 95.70 
NSG 3 130 1:08:00 0.42 8.45 10.43 97.69 
NSG 3 145 1:13:00 0.39 7.81 10.43 100.31 
NSG 3 148 1:18:00 0.44 8.84 10.43 101.90 
NSG 3 149 1:23:00 0.45 9.07 10.43 103.27 
NSG 3 211 1:28:00 0.44 8.82 10.43 104.88 
NSG 3 272 1:33:00 0.44 8.80 10.43 106.51 
NSG 3 12 1:38:00 0.48 9.58 10.43 107.35 
NSG 3 23 1:43:00 0.47 9.35 10.43 108.43 
NSG 3 34 1:48:00 0.45 9.02 10.43 109.84 
NSG 3 41 1:53:00 0.50 10.07 10.43 110.20 
NSG 4 55 0:38:00 0.05 0.92 13.56 103.05 
NSG 4 62 0:43:00 0.04 0.85 13.56 115.76 
NSG 4 64 0:48:00 0.13 2.66 13.56 126.66 
NSG 4 98 0:53:00 0.19 3.87 13.56 136.35 
NSG 4 108 0:58:00 0.40 8.02 13.56 141.89 
NSG 4 152 1:03:00 0.29 5.78 13.56 149.67 
NSG 4 164 1:08:00 0.29 5.80 13.56 157.43 
NSG 4 168 1:13:00 0.32 6.46 13.56 164.52 
NSG 4 206 1:18:00 0.38 7.50 13.56 170.58 
NSG 4 214 1:23:00 0.37 7.49 13.56 176.65 
NSG 4 215 1:28:00 0.38 7.52 13.56 182.69 
NSG 4 252 1:33:00 0.41 8.22 13.56 188.03 
NSG 4 22 1:38:00 0.39 7.88 13.56 193.71 
NSG 4 28 1:43:00 0.44 8.82 13.56 198.44 
NSG 4 54 1:48:00 0.46 9.23 13.56 202.77 
NSG 4 59 1:53:00 0.49 9.82 13.56 206.51 
NSG 5 27 0:32:30 0.08 1.52 14.16 93.42 
NSG 5 44 0:37:30 0.09 1.77 14.16 105.81 
NSG 5 100 0:52:30 0.11 2.25 14.16 117.71 
NSG 5 136 0:57:30 0.21 4.26 14.16 127.60 
NSG 5 189 1:02:30 0.22 4.37 14.16 137.39 
NSG 5 203 1:07:30 0.24 4.89 14.16 146.65 
NSG 5 217 1:12:30 0.26 5.22 14.16 155.59 
NSG 5 246 1:17:30 0.31 6.17 14.16 163.57 
NSG 5 258 1:23:30 0.34 6.81 14.16 170.92 
NSG 5 265 1:25:30 0.36 7.26 14.16 177.81 
NSG 5 274 1:30:30 0.42 8.40 14.16 183.56 
NSG 5 281 1:35:30 0.42 8.35 14.16 189.37 
NSG 5 122 1:40:30 0.43 8.51 14.16 195.02 
NSG 5 128 1:45:30 0.46 9.26 14.16 199.91 
NSG 5 129 1:50:30 0.43 8.53 14.16 205.53 
NSG 5 158 1:55:30 0.44 8.79 14.16 210.90 
65 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NSG 6 3 0:40:00 0.35 6.97 15.79 126.35 
NSG 6 127 0:45:00 0.44 8.84 15.79 133.30 
NSG 6 156 0:57:00 0.50 10.04 15.79 139.05 
NSG 6 187 1:02:00 0.54 10.88 15.79 143.97 
NSG 6 188 1:07:00 0.55 10.92 15.79 148.84 
NSG 6 190 1:12:00 0.57 11.46 15.79 153.17 
NSG 6 209 1:17:00 0.54 10.83 15.79 158.13 
NSG 6 225 1:22:00 0.56 11.12 15.79 162.80 
NSG 6 240 1:27:00 0.59 11.71 15.79 166.89 
NSG 6 242 1:32:00 0.58 11.63 15.79 171.06 
NSG 6 249 1:37:00 0.59 11.86 15.79 ] 74.99 
NSG 6 284 1:42:00 0.58 11.58 15.79 179.20 
NSG 6 9 1:47:00 0.59 11.87 15.79 183.13 
NSG 6 37 1:52:00 0.58 11.55 15.79 187.38 
NSG 6 56 1:57:00 0.55 11.08 15.79 192.09 
NSG 6 57 2:02:00 0.56 11.29 15.79 196.60 
NSG 6 82 2:07:00 0.57 11.47 15.79 200.92 
Period 1 Old Switch~rass 
avg. rate of rainfall: rep 1 = .90 mm/min, rep 2 = .80, rep 3 = .94, 
rep 4 = .92, rep 5 = 1.18, rep 6 = 1.10 
OSG 1 591 0:39:10 0.0548 1.10 13.41 104.60 
OSG 1 592 0:44:10 0.0784 1.57 13.41 116.44 
OSG 1 593 0:49:10 0.1240 2.48 13.41 127.37 
OSG 1 594 0:54:10 0.1651 3.30 13.41 137.48 
OSG 1 595 0:59:10 0.2280 4.56 13.41 146.33 
OSG 1 596 1:04:10 0.2624 5.25 13.41 154.49 
OSG 1 597 1:09:10 0.2844 5.69 13.41 162.21 
OSG 1 598 1:14:10 0.3176 6.35 13.41 169.27 
OSG 1 599 1:19:10 0.3404 6.81 13.41 175.87 
OSG 1 600 1:24:10 0.3955 7.91 13.41 181.37 
OSG 1 601 1:29:10 0.4318 8.64 13.41 186.14 
OSG 1 602 1:34:10 0.4307 8.61 13.41 190.94 
OSG 1 603 1:39:10 0.4328 8.66 13.41 195.69 
OSG 1 604 1:44:10 0.4762 9.52 13.41 199.58 
OSG 1 605 1:49:10 0.4800 9.60 13.41 203.39 
OSG 1 606 1:54:10 0.5655 11.31 13.41 205.49 
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Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
OSG 2 615 0:30:00 0.1684 3.37 11.92 71.52 
OSG 2 616 0:35:00 0.2562 5.12 11.92 78.32 
OSG 2 617 0:40:00 0.2847 5.69 11.92 84.54 
OSG 2 618 0:45:00 0.4064 8.13 11.92 88.33 
OSG 2 619 0:50:00 0.5213 10.43 11.92 89.83 
OSG 2 620 0:55:00 0.5436 10.87 11.92 90.88 
OSG 2 621 1:00:00 0.6262 12.52 11.92 90.27 
OSG 2 622 1:05:00 0.6917 13.83 11.92 88.36 
OSG 2 623 1:10:00 0.6823 13.65 11.92 86.63 
OSG 2 624 1:15:00 0.6893 13.79 11.92 84.77 
OSG 2 625 1:20:00 0.6751 13.50 11.92 83.18 
OSG 2 626 1:25:00 0.6684 13.37 11.92 81.74 
OSG 2 688 1:30:00 0.7238 14.48 11.92 79.18 
OSG 2 689 1:35:00 0.7128 14.26 11.92 76.84 
OSG 2 690 1:40:00 0.7037 14.07 11.92 74.69 
OSG 2 691 1:50:00 0.7496 14.99 11.92 71.62 
OSG 2 692 1:55:00 1.0094 20.19 11.92 63.35 
OSG 3 781 0:11:30 0.0533 1.07 14.01 33.61 
OSG 3 782 0:17:00 0.0718 1.44 14.01 46.18 
OSG 3 783 0:21:30 0.0801 1.60 14.OI 58.59 
OSG 3 772 0:26:30 0.1057 2.11 14.01 70.48 
OSG 3 773 0:31:30 0.1503 3.01 14.01 81.48 
OSG 3 774 0:36:30 0.3028 6.06 14.01 89.43 
OSG 3 775 0:41:30 0.3497 6.99 14.01 96.44 
OSG 3 776 0:46:30 0.4055 8.11 14.01 102.34 
OSG 3 777 0:51:30 0.4744 9.49 14.01 106.86 
OSG 3 778 0:56:30 0.4844 9.69 14.01 111.17 
OSG 3 779 1:01:30 0.5264 10.53 14.01 114.65 
OSG 3 780 1:06:30 0.5355 10.71 14.01 117.95 
OSG 3 736 1:11:30 0.5404 10.81 14.01 121.15 
OSG 3 737 1:16:30 0.5364 10.73 14.01 124.43 
OSG 3 738 1:21:30 0.5771 11.54 14.01 126.89 
OSG 3 739 1:26:30 0.4889 9.78 14.01 131.12 
OSG 4 567 0:20:15 0.0887 1.77 13.71 54.83 
OSG 4 568 0:25:15 0.1568 3.14 13.71 65.40 
OSG 4 569 0:30:15 0.1875 3.75 13.71 75.36 
OSG 4 570 0:35:15 0.2221 4.44 13.71 84.63 
OSG 4 571 0:40:25 0.2756 5.51 13.71 92.82 
OSG 4 572 0:45:15 0.3553 7.11 13.71 99.42 
OSG 4 573 0:50:15 0.4282 8.56 13.71 104.57 
OSG 4 574 0:55:15 0.4616 9.23 13.71 109.05 
OSG 4 575 1:00:15 0.5039 10.08 13.71 112.67 
OSG 4 576 1:05:15 0.4378 8.76 13.71 117.63 
OSG 4 577 1:10:15 0.4726 9.45 13.71 121.88 
OSG 4 578 1:15:15 0.4929 9.86 13.71 125.73 
OSG 4 672 1:20:15 0.4221 8.44 13.71 131.00 
OSG 4 673 1:25:15 0.4978 9.96 13.71 134.75 
OSG 4 674 1:30:15 0.5316 10.63 13.71 137.82 
OSG 4 675 1:35:15 0.5468 10.94 13.71 140.59 
67 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
OSG 5 639 0:34:00 0.0861 1.72 17.58 119.56 
OSG 5 640 0:39:00 0.1322 2.64 17.58 134.50 
OSG 5 641 0:44:00 0.2107 4.21 17.58 147.86 
OSG 5 642 0:49:00 0.2667 5.33 17.58 160.11 
OSG 5 643 0:54:00 0.3480 6.96 17.58 170.73 
OSG 5 644 0:59:00 0.3706 7.41 17.58 180.90 
OSG 5 645 1:04:00 0.4352 8.70 17.58 189.78 
OSG 5 646 1:09:00 0.5085 10.17 17.58 197.19 
OSG 5 647 1:14:00 0.5216 10.43 17.58 204.35 
OSG 5 648 1:19:00 0.5309 10.62 17.58 211.31 
OSG 5 649 1:24:00 0.5082 10.16 17.58 218.73 
OSG 5 650 1:29:00 0.5897 11.79 17.58 224.52 
OSG 5 676 1:34:00 0.5754 11.51 17.58 230.59 
OSG 6 868 0:41:15 0.1908 3.82 16.39 134.40 
OSG 6 869 0:46:15 0.3325 6.65 16.39 144.14 
OSG 6 870 0:51:15 0.4167 8.33 16.39 152.19 
OSG 6 871 0:56:15 0.5088 10.18 16.39 158.41 
OSG 6 872 1:01:15 0.5037 10.07 16.39 164.72 
OSG 6 873 1:06:15 0.5483 10.97 16.39 170.15 
OSG 6 874 1:11:15 0.5442 10.88 16.39 175.65 
OSG 6 875 1:16:15 0.5721 11.44 16.39 180.60 
OSG 6 876 1:21:15 0.6200 12.40 16.39 184.59 
OSG 6 877 1:26:15 0.5918 11.84 16.39 189.15 
OSG 6 878 1:31:15 0.5809 11.62 16.39 193.92 
OSG 6 879 1:36:15 0.5746 11.49 16.39 198.82 
OSG 6 784 1:41:15 0.6015 12.03 16.39 203.18 
OSG 6 785 1:46:15 0.6154 12.31 16.39 207.26 
OSG 6 786 1:51:15 0.6372 12.74 16.39 210.90 
OSG 6 788 1:56:15 0.6378 12.76 16.39 214.54 
Period 2 No-Till Corn 
avg rate of rainfall: rep 1 = 1.04 mm/min, rep 2 = .80, 
rep3=.94,rep4=.82,rep 5=.91,rep6=.57 
NTC 1 672 0:43:00 0.03 0.59 15.50 133.27 
NTC 1 675 0:48:00 0.03 0.57 15.50 148.19 
NTC 1 702 0:53:00 0.03 0.62 15.50 163.06 
NTC 1 704 0:58:00 0.05 0.93 15.50 177.63 
NTC 1 707 1:03:00 0.22 4.44 15.50 188.68 
NTC 1 708 1:08:00 0.24 4.86 15.50 199.32 
NTC 1 808 1:13:00 0.31 6.24 15.50 208.58 
NTC 1 809 1:18:00 0.37 7.32 15.50 216.75 
NTC 1 810 1:23:00 0.34 6.80 15.50 225.45 
NTC 1 811 1:28:00 0.39 7.72 15.50 233.23 
NTC 1 812 1:33:00 0.46 9.27 15.50 239.46 
NTC 1 813 1:38:00 0.38 7.60 15.50 247.35 
NTC 1 832 1:43:00 0.44 8.74 15.50 254.11 
NTC 1 833 1:48:00 0.36 7.15 15.50 262.45 
NTC I 837 1:53:00 0.50 10.08 15.50 267.86 
NTC 1 839 1:58:00 0.55 10.92 15.50 272.44 
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Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per S Capacity Volume (L) per S 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NTC 2 8 0:45:00 0.06 1.27 11.92 107.28 
NTC 2 19 0:50:00 0.17 3.39 11.92 115.81 
NTC 2 24 0:55:00 0.30 5.95 11.92 121.78 
NTC 2 40 1:00:00 0.36 7.27 11.92 126.43 
NTC 2 79 1:05:00 0.42 8.36 11.92 129.99 
NTC 2 143 1:10:00 0.42 8.38 11.92 133.53 
NTC 2 146 1:15:00 0.34 6.71 11.92 138.74 
NTC 2 150 1:20:00 0.36 7.21 11.92 143.45 
NTC 2 154 1:25:00 0.35 7.07 11.92 148.29 
NTC 2 155 1:30:00 0.48 9.59 11.92 150.62 
NTC 2 160 1:35:00 0.47 9.39 11.92 153.15 
NTC 2 184 1:40:00 0.00 10.85 11.92 154.22 
NTC 2 197 1:45:00 0.54 10.06 11.92 156.08 
NTC 2 208 1:50:00 0.50 11.20 11.92 156.80 
NTC 2 221 1:55:00 0.56 10.52 11.92 158.20 
NTC 2 224 2:00:00 0.53 
NTC 3 924 0:46:30 0.04 0.78 14.01 131.66 
NTC 3 925 0:51:30 0.09 1.90 14.01 143.76 
NTC 3 926 0:56:30 0.10 2.08 14.01 155.69 
NTC 3 927 1:01:30 0.22 4.44 14.01 165.26 
NTC 3 988 1:06:30 0.26 5.17 14.01 174.09 
NTC 3 989 1:11:30 0.34 6.71 14.01 181.39 
NTC 3 990 1:16:30 0.38 7.57 14.01 187.82 
NTC 3 991 1:21:30 0.32 6.32 14.01 195.51 
NTC 3 992 1:26:30 0.42 8.49 14.01 201.03 
NTC 3 993 1:31:30 0.43 8.58 14.01 206.46 
NTC 3 994 1:36:30 0.45 9.06 14.01 211.40 
NTC 3 996 1:41:30 0.37 7.42 14.01 217.99 
NTC 3 995 1:46:30 0.51 10.11 14.01 221.89 
NTC 3 997 1:51:30 0.37 7.41 14.01 228.49 
NTC 4 904 0:32:46 0.01 0.22 12.22 80.64 
NTC 4 905 0:38:36 0.04 0.78 12.22 92.08 
NTC 4 906 0:42:46 0.15 2.93 12.22 101.36 
NTC 4 907 0:47:46 0.34 6.71 12.22 106.87 
NTC 4 908 0:52:46 0.44 8.75 12.22 110.34 
NTC 4 909 0:57:46 0.45 9.03 12.22 113.53 
NTC 4 910 1:02:46 0.43 8.51 12.22 117.23 
NTC 4 911 1:07:46 0.46 9.14 12.22 120.31 
NTC 4 912 1:12:46 0.48 9.53 12.22 123.00 
NTC 4 913 1:17:46 0.57 11.42 12.22 123.79 
NTC 4 914 1:22:46 0.43 8.58 12.22 127.44 
NTC 4 915 1:27:46 0.47 9.34 12.22 130.32 
NTC 4 960 1:32:46 0.62 12.40 12.22 130.13 
NTC 4 961 1:37:46 0.58 11.68 12.22 130.67 
NTC 4 963 1:42:46 0.60 11.90 12.22 130.99 
NTC 4 975 1:47:46 0.59 11.83 12.22 131.37 
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Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NTC 5 844 0:27:20 0.03 0.59 13.56 73.22 
NTC 5 845 0:32:20 0.07 1.35 13.56 85.43 
NTC 5 846 0:37:20 0.09 1.75 13.56 97.24 
NTC 5 847 0:42:20 0.15 3.04 13.56 107.76 
NTC 5 848 0:47:20 0.21 4.20 13.56 117.12 
NTC 5 849 0:52:20 0.37 7.44 13.56 123.23 
NTC 5 850 0:57:20 0.46 9.25 13.56 127.54 
NTC 5 851 1:02:20 0.52 10.42 13.56 130.68 
NTC 5 852 1:07:20 0.54 10.89 13.56 133.35 
NTC 5 853 1:12:20 0.52 10.36 13.56 136.55 
NTC 5 854 1:17:20 0.54 10.85 13.56 139.26 
NTC 5 855 1:22:20 0.61 12.12 13.56 140.69 
NTC 5 660 1:27:20 0.59 11.82 13.56 142.44 
NTC 5 662 1:32:20 0.61 12.15 13.56 143.85 
NTC 5 663 1:37:20 0.61 12.20 13.56 145.20 
NTC 5 789 1:42:20 0.65 12.91 13.56 145.85 
NTC 6 881 0:31:50 0.05 0.91 8.49 54.36 
NTC 6 882 0:36:50 0.13 2.56 8.49 60.29 
NTC 6 883 0:41:50 0.17 3.32 8.49 65.46 
NTC 6 884 0:46:50 0.18 3.63 8.49 70.33 
NTC 6 885 0:51:50 0.27 5.49 8.49 73.33 
NTC 6 886 0:56:50 0.31 6.22 8.49 75.60 
NTC 6 887 1:01:50 0.46 9.19 8.49 74.91 
NTC 6 888 1:06:50 0.49 9.77 8.49 73.63 
NTC 6 889 1:11:50 0.49 9.71 8.49 72.42 
NTC 6 890 1:16:50 0.48 9.58 8.49 71.33 
NTC 6 891 1:21:50 0.49 9.79 8.49 70.04 
NTC 6 928 1:26:50 0.57 11.36 8.49 67.17 
NTC 6 929 1:31:50 0.51 10.18 8.49 65.49 
NTC 6 930 1:36:50 0.54 10.75 8.49 63.23 
NTC 6 931 1:41:50 0.56 11.18 8.49 60.54 
NTC 6 932 1:46:50 0.54 10.75 8.49 58.28 
~o 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin V~ater (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
Period 2 New Switch~rass 
avg rate of rainfall: rep 1 = 1.01 mm/min, rep 2 = 1.06, rep 3 = .87, rep 4 = 
1.13,rep5=.95,rep6=.98 
NSG 1 165 0:12:00 0.11 2.13 15.05 36.12 
NSG 1 159 0:17:00 0.25 5.09 15.05 46.08 
NSG 1 193 0:22:00 0.39 7.80 15.05 53.33 
NSG 1 76 0:27 :00 0.49 9.71 15.05 5 8.67 
NSG 1 257 0:32:00 0.48 9.66 15.05 64.06 
NSG 1 69 0:37:00 0.56 11.11 15.05 67.99 
NSG 1 261 0:42:00 0.58 11.59 15.05 71.45 
NSG 1 58 0:47:00 0.57 11.43 15.05 75.06 
NSG 1 109 0:52:00 0.60 12.01 15.05 78.10 
NSG 1 107 0:57:00 0.00 0.00 0.00 
NSG 1 243 1:02:00 0.57 11.50 15.05 81.65 
NSG 1 4 1:07:00 0.60 12.05 15.05 84.65 
NSG 1 274 1:12:00 0.61 12.22 15.05 87.48 
NSG 1 83 1:17:00 0.59 11.80 15.05 90.73 
NSG 1 166 1:22:00 0.59 11.79 15.05 93.98 
NSG 1 207 1:27:00 0.62 12.39 15.05 96.64 
NSG 2 104 0:10:00 0.00 0.00 0.00 
NSG 2 73 0:15:00 0.50 9.93 15.79 47.38 
NSG 2 266 0:20:00 0.52 10.32 15.79 52.86 
NSG 2 48 0:26:00 0.55 10.92 15.79 57.74 
NSG 2 220 0:30:00 0.56 11.29 15.79 62.24 
NSG 2 111 0:35:00 0.59 11.90 15.79 66.14 
NSG 2 133 0:40:00 0.55 10.94 15.79 70.99 
NSG 2 65 0:45:00 0.59 11.88 15.79 74.91 
NSG 2 20 0:50:00 0.60 12.02 15.79 78.68 
NSG 2 87 0:55:00 0.59 11.84 15.79 82.63 
NSG 2 175 1:00:00 0.57 11.35 15.79 87.07 
NSG 2 129 1:05:00 0.56 11.15 15.79 91.72 
NSG 2 234 1:10:00 0.58 11.63 15.79 95.88 
NSG 2 128 1:15:00 0.59 11.79 15.79 99.88 
NSG 2 178 1:20:00 0.63 12.51 15.79 103.17 
NSG 2 174 1:25:00 0.61 12.14 15.79 106.83 
71 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NSG 3 631 0:23:20 0.29 5.75 12.96 59.63 
NSG 3 632 0:28:20 0.50 10.08 12.96 62.51 
NSG 3 627 0:33:20 0.54 10.72 12.96 64.76 
NSG 3 629 0:38:20 0.57 11.45 12.96 66.27 
NSG 3 664 0:43:20 0.60 12.09 12.96 67.14 
NSG 3 667 0:48:20 0.61 12.13 12.96 67.97 
NSG 3 676 0:53:20 0.62 12.41 12.96 68.52 
NSG 3 670 0:58:20 0.64 12.72 12.96 68.77 
NSG 3 671 1:03:20 0.62 12.49 12.96 69.24 
NSG 3 685 1:09:20 0.66 13.14 12.96 69.07 
NSG 3 763 1:14:20 0.65 13.01 12.96 69.02 
NSG 3 868 1:19:20 0.63 12.57 12.96 69.41 
NSG 3 739 1:24:20 0.67 13.38 12.96 69.00 
NSG 3 741 1:29:20 0.65 13.07 12.96 68.89 
NSG 3 745 1:34:20 0.67 13.41 12.96 68.44 
NSG 3 869 1:39:20 0.68 13.64 12.96 67.75 
NSG 3 879 1:44:20 0.69 13.74 12.96 66.98 
NSG 4 55 0:13:00 0.04 0.80 16.84 43.78 
NSG 4 138 0:18:00 0.13 2.61 16.84 58.00 
NSG 4 195 0:23:00 0.47 9.43 16.84 65.41 
NSG 4 49 0:28:00 0.62 12.49 16.84 69.75 
NSG 4 252 0:33:00 0.70 13.98 16.84 - 72.60 
NSG 4 263 0:38:00 0.71 14.30 16.84 75.14 
NSG 4 268 0:43:00 0.76 15.17 16.84 76.81 
NSG 4 57 0:48:00 0.75 15.06 16.84 78.59 
NSG 4 98 0:53:00 0.77 15.43 16.84 79.99 
NSG 4 244 0:58:00 0.76 15.21 16.84 81.62 
NSG 4 213 1:03:00 0.80 15.99 16.84 82.46 
NSG 4 186 1:08:00 0.80 16.03 16.84 83.26 
NSG 4 44 1:13:00 0.86 17.13 16.84 82.97 
NSG 4 82 1:18:00 0.82 16.47 16.84 83.34 
NSG 4 183 1:23:00 0.82 16.31 16.84 83.87 
NSG 4 146 1:28:00 0.34 6.71 16.84 94.00 
NSG 5 273 0:16:00 0.11 2.12 14.16 45.30 
NSG 5 613 0:21:00 0.33 6.57 14.16 52.88 
NSG 5 614 0:26:00 0.49 9.80 14.16 57.24 
NSG 5 658 0:31:00 0.50 9.99 14.16 61.41 
NSG 5 659 0:36:00 0.60 12.03 14.16 63.53 
NSG 5 665 0:41:00 0.61 12.19 14.16 65.50 
NSG 5 666 0:46:00 0.67 13.48 14.16 66.17 
NSG 5 669 0:51:00 0.55 11.04 14.16 69.28 
NSG 5 679 0:56:00 0.56 11.30 14.16 72.14 
NSG 5 780 1:01:00 0.64 12.74 14.16 73.56 
NSG 5 842 1:06:00 0.56 11.25 14.16 76.46 
NSG 5 843 1:11:00 0.63 12.61 14.16 78.01 
NSG 5 949 1:16:00 0.59 11.82 14.16 80.35 
NSG 5 951 1:21:00 0.00 0.00 0.00 
NSG 5 952 1:26:00 0.62 12.48 14.16 82.02 
NSG 5 953 1:31:00 0.62 12.37 14.16 83.81 
~z 
Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
NSG 6 703 0:14:00 0.04 0.77 14.60 40.89 
NSG 6 719 0:19:00 0.12 2.34 14.60 53.14 
NSG 6 723 0:24:00 0.45 9.02 14.60 58.73 
NSG 6 764 0:29:00 0.53 10.67 14.60 62.66 
NSG 6 802 0:34:00 0.55 11.03 14.60 66.23 
NSG 6 823 0:39:00 0.54 10.84 14.60 69.99 
NSG 6 829 0:44:00 0.60 12.07 14.60 72.53 
NSG 6 838 0:49:00 0.59 11.74 14.60 75.39 
NSG 6 943 0:54:00 0.61 12.23 14.60 77.76 
NSG 6 954 0:59:00 0.61 12.27 14.60 80.09 
NSG 6 964 1:04:00 0.59 11.88 14.60 82.82 
NSG 6 965 1:09:00 0.62 12.44 14.60 84.98 
NSG 6 969 1:14:00 0.63 12.62 14.60 86.96 
NSG 6 970 1:19:00 0.55 11.02 14.60 90.54 
NSG 6 972 1:24:00 0.56 11.29 14.60 93.84 
NSG 6 973 1:29:00 0.59 11.88 14.60 96.56 
Period 2 Old Switch~rass 
avg. rate of rainfall: rep 1 = .89 mm/min, rep 2 = .86, rep 3 = 1.07, rep 4 = 
.83, rep 5 = .64, rep 6 = 1.00 
OSG 1 603 0:21:00 0.10 2.02 13.26 55.70 
OSG 1 604 0:26:00 0.34 6.78 13.26 62.18 
OSG 1 606 0:31:00 0.39 7.87 13.26 67.57 
OSG 1 607 0:36:00 0.48 9.62 13.26 71.21 
OSG 1 639 0:41:00 0.48 9.65 13.26 74.82 
OSG 1 642 0:46:00 0.55 10.98 13.26 77.10 
OSG 1 645 0:51:00 0.55 10.93 13.26 79.44 
OSG 1 651 0:56:00 0.56 11.13 13.26 81.57 
OSG 1 653 1:01:00 0.53 10.61 13.26 84.22 
OSG 1 695 1:06:00 0.58 11.67 13.26 85.81 
OSG 1 697 1:11:00 0.64 12.88 13.26 86.19 
OSG 1 800 1:16:00 0.64 12.83 13.26 86.62 
OSG 1 804 1:21:00 0.59 11.82 13.26 88.06 
OSG 1 807 1:26:00 0.64 12.80 13.26 88.52 
OSG 1 820 1:31:00 0.66 13.21 13.26 88.57 
OSG 1 821 1:36:00 0.65 12.96 13.26 88.87 
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Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
OSG 2 595 0:25:00 0.04 0.73 12.81 64.07 
OSG 2 598 0:30:00 0.37 7.39 12.81 69.50 
OSG 2 644 0:35:00 0.31 6.29 12.81 76.02 
OSG 2 643 0:40:00 0.51 10.21 12.81 78.62 
OSG 2 657 0:45:00 0.53 10.67 12.81 80.76 
OSG 2 779 0:50:00 0.56 11.21 12.81 82.36 
OSG 2 781 0:55:00 0.60 12.04 12.81 83.14 
OSG 2 796 1:00:00 0.59 11.77 12.81 84.18 
OSG 2 798 1:05:00 0.62 12.41 12.81 84.58 
OSG 2 799 1:10:00 0.65 13.09 12.81 84.31 
OSG 2 801 1:15:00 0.65 12.93 12.81 84.19 
OSG 2 873 1:20:00 0.66 13.26 12.81 83.74 
OSG 2 900 1:25:00 0.69 13.74 12.81 82.82 
OSG 2 903 1:30:00 0.67 13.45 12.81 82.19 
OSG 2 956 1:35:00 0.68 13.51 12.81 81.49 
OSG 2 971 1:40:00 0.67 13.44 12.81 80.86 
OSG 3 13 0:23:00 0.20 3.98 15.94 73.34 
OSG 3 18 0:28:00 0.41 8.15 15.94 81.13 
OSG 3 31 0:33:00 0.48 9.60 15.94 87.47 
OSG 3 78 0:38:00 0.54 10.77 15.94 92.65 
OSG 3 75 0:43:00 0.55 11.02 15.94 97.57 
OSG 3 92 0:48:00 0.59 11.80 15.94 101.71 
OSG 3 97 0:53:00 0.61 12.11 15.94 105.55 
OSG 3 120 0:58:00 0.62 12.35 15.94 109.14 
OSG ~ 140 1:03:00 0.65 12.99 15.94 112.09 
OSG 3 229 1:08:00 0.65 12.93 15.94 1 i 5.11 
OSG 3 233 1:13:00 0.65 12.96 15.94 118.09 
OSG 3 262 1:18:00 0.68 13.55 15.94 120.49 
OSG 3 586 1:23:00 0.64 12.71 15.94 123.71 
OSG 3 587 1:28:00 0.66 13.11 15.94 126.55 
OSG 3 597 1:33:00 0.65 12.96 15.94 129.53 
OSG 3 601 1:38:00 0.67 13.39 15.94 132.08 
OSG 4 678 0:23:00 0.09 1.74 12.37 56.89 
OSG 4 701 0:28:00 0.29 5.82 12.37 63.44 
OSG 4 705 0:33:00 0.36 7.22 12.37 68.59 
OSG 4 706 0:38:00 0.47 9.41 12.37 71.54 
OSG 4 805 0:43:00 0.57 11.49 12.37 72.42 
OSG 4 835 0:48:00 0.60 12.04 12.37 72.75 
OSG 4 836 0:53:00 0.64 12.88 12.37 72.23 
OSG 4 858 0:58:00 0.66 13.20 12.37 71.40 
OSG 4 863 1:03:00 0.68 13.67 12.37 70.09 
OSG 4 864 1:08:00 0.68 13.67 12.37 68.79 
OSG 4 877 1:13:00 0.68 13.59 12.37 67.56 
OSG 4 878 1:18:00 0.70 14.04 12.37 65.88 
OSG 4 894 1:23:00 0.75 14.95 12.37 63.30 
OSG 4 898 1:28:00 0.72 14.48 12.37 61.19 
OSG 4 901 1:33:00 0.74 14.90 12.37 58.66 
OSG 4 955 1:38:00 0.68 13.62 12.37 57.40 
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Est. Runoff Voume Est. Volume (L) Est. Infiltrated &Storage 
Sample Begin Water (L) per 5 minute Sim. Rainfall per 5 Capacity Volume (L) per 5 
Trtmnt. Rep. Bottle # (hr:min:sec) Volume (L) interval minute interval minute interval 
OSG 5 591 0:25:00 0.05 1.00 9.54 47.68 
OSG 5 592 0:30:00 0.13 2.62 9.54 54.59 
OSG 5 609 0:35:00 0.21 4.30 9.54 59.83 
OSG 5 610 0:40:00 0.26 5.15 9.54 64.22 
OSG 5 612 0:45:00 0.36 7.11 9.54 66.65 
OSG 5 652 0:50:00 0.43 8.54 9.54 67.65 
OSG 5 654 0:55:00 0.47 9.41 9.54 67.77 
OSG 5 681 1:00:00 0.47 9.44 9.54 67.87 
OSG 5 688 1:05:00 0.47 9.44 9.54 67.96 
OSG 5 689 1:10:00 0.53 10.60 9.54 66.90 
OSG 5 690 1:15:00 0.54 10.83 9.54 65.60 
OSG 5 691 1:20:00 0.59 11.71 9.54 63.43 
OSG 5 692 1:25:00 0.57 11.45 9.54 61.51 
OSG 5 693 1:30:00 0.57 11.43 9.54 59.62 
OSG 5 694 1:35:00 0.55 11.10 9.54 58.05 
OSG 5 696 1:40:00 0.58 11.57 9.54 56.02 
OSG 6 648 0:30:00 0.12 2.36 14.90 89.40 
OSG 6 673 0:35:00 0.30 6.01 14.90 98.29 
OSG 6 726 0:40:00 0.41 8.29 14.90 104.90 
OSG 6 731 0:45:00 0.45 9.01 14.90 110.80 
OSG 6 734 0:50:00 0.49 9.72 14.90 115.98 
OSG 6 773 0:55:00 0.51 10.21 14.90 120.67 
OSG 6 777 1:00:00 0.53 10.52 14.90 125.04 
OSG 6 782 1:05:00 0.57 11.44 14.90 128.50 
OSG 6 783 1:10:00 0.59 11.82 14.90 131.58 
OSG 6 784 1:15:00 0.62 12.32 14.90 134.16 
OSG 6 786 1:20:00 0.63 12.54 14.90 136.52 
OSG 6 787 1:25:00 0.65 12.91 14.90 138.51 
OSG 6 788 1:30:00 0.62 12.44 14.90 140.97 
OSG 6 790 1:35:00 0.62 12.35 14.90 143.53 
OSG 6 792 1:40:00 0.59 11.75 14.90 146.68 
OSG 6 793 1:45:00 0.53 10.53 14.90 151.05 
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APPENDIX B. ANOVA TABLES 
Infiltration +Storage Capacity (Liters) Period 1: 
Dependent Variable: WATER 
Source 
Model 
Error 
Corrected Total 
DF 
2 
263 
265 
N 
TRT obs variable Sabel 
Sum of 
Squares 
108232.487 
1389943.406 
1498175.893 
The MEANS Procedure 
Mean 
Mean Square 
54116.243 
5284.956 
F Value Pr > F 
10.24 <.0001 
variance Std Error 
power 95% 
CL for Mean 
C 
NS 
OS 
93 PER 
REP 
WATER 
stdresi d 
85 PER 
REP 
WATER 
stdresi d 
88 PER 
REP 
WATER 
stdresid 
PER 1.0000000 
REP 3.4731183 
WATER 181.6566667 
0.0020231 
PER 1.0000000 
REP 3.7058824 
wATER 142.6210588 
0.000029220 
PER 1.0000000 
REP 3.4318182 
WATER 136.7711364 
0.000089235 
0 0 
2.9041608 0.1767131 
11585.78 11.1614645 
2.2444369 0.1553503 
0 0 
2.7100840 0.1785591 
1388.28 4.0413791 
0.2652744 0.0558648 
0 0 
2.9608150 0.1834274 
2384.32 5.2052411 
0.4559960 0.0719845 
3.1221507 
159.4890347 
-0.3065161 
3.3507981 
134.5843332 
-0.1110641 
3.0672363 
126.4251561 
-0.1429878 
TRT 
N 
obs variable Sabel 
Upper 95% 
C~ for Mean 
C 
NS 
OS 
93 PER 
REP 
WATER 
stdresid 
85 PER 
REP 
WATER 
stdresi d 
88 PER 
REP 
WATER 
stdresid 
PER 
REP 3.8240858 
wATER 203.8242986 
0.3105623 
PER 
REP 4.0609666 
WATER 150.6577844 
0.1111225 
PER 
REP 3.7964001 
WATER 147.1171166 
0.1431663 
Dependent variable: WATER 
Contrast 
trtC trtNS trt05 equal 
trtC-trt05 
trtNS-trt05 
t rtNS-t rtC 
DF Contrast SS 
2 108232.4865 
1 91096.0963 
1 1479.6388 
1 67671.1824 
Mean Square 
54116.2433 
91096.0963 
1479.6388 
67671.1824 
F value Pr > F 
10.24 <.0001 
17.24 <.0001 
0.28 0.5972 
12.so 0.0004 
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Infiltration +Storage Capacity (Liters) Period 2: 
Dependent Variable: WATER 
source 
Model 
Error 
Corrected Total 
Sum of 
DF Squares Mean Square 
2 243417.3205 121708.6603 
268 332237.5090 1239.6922 
270 575654.8295 
N 
TRT obs variable Sabel 
The MEANS Procedure 
Mean 
F Value Pr > F 
98.18 <.0001 
variance Std Error 
power 95% 
Cl. for Mean 
C 
NS 
OS 
87 PER 
REP 
WATER 
stdresid 
91 PER 
REP 
WATER 
stdresid 
93 PER 
REP 
WATER 
stdresid 
PER 
REP 
WATER 
PER 
REP 
WATER 
PER 
REP 
WATER 
2.0000000 
3.5287356 
143.7942529 
0.0033278 
2.0000000 
3.4725275 
73.7348352 
4.7036648E-6 
2.0000000 
3.5483871 
87.7036559 
. 0.000591610 
0 
3.0195135 
2973.36 
2.4751840 
0 
2.8964591 
176.6230453 
0.1437519 
0 
2.9460028 
659.0487800 
0.5381698 
0 
0.1862983 
5.8460713 
0.1686724 
0 
0.1784075 
1.3931664 
0.0397453 
0 
0.1779816 
2.6620567 
0.0760708 
3.1583869 
132.1726477 
-0.3319820 
3.1180899 
70.9670670 
-0.0789563 
3.1949003 
82.4165815 
-0.1504916 
TRT 
N upper 95% 
Obs variable Sabel CL for Mean 
C 
NS 
87 PER 
REP 
WATER 
stdresi d 
91 PER 
REP 
WATER 
stdresid 
OS 93 PER 
REP 
WATER 
stdresid 
PER 
REP 3.8990844 
WATER 155.4158580 
0.3386375 
PER 
REP 3.8269650 
WATER 76.5026034 
0.0789657 
PER 
REP 3.9018739 
WATER 92.9907304 
0.1516748 
Dependent variable: WATER 
Contrast 
trtC trtNS trtOS equal 
trtC-trt05 
trtNS-trt05 
trtNS-trtC 
DF Contrast SS Mean Square F Value Pr > F 
2 243417.3205 121708.6603 98.18 <.0001 
1 141419.6703 141419.6703 114.08 <.0001 
1 8974.8254 8974.8254 7.24 0.0076 
1 218310.0301 218310.0301 176.10 <.0001 
~~ 
Infiltration +Storage Capacity (Liters) Period 1 vs. Period 2: 
Dependent Variable: WATER 
Source 
Model 
Error 
Corrected Total 
TRT 
sum of 
DF Squares Mean Square F Value Pr > F 
S 733200.445 146640.089 45.21 <.0001 
531 1722180.915 3243.279 
536 2455381.360 
The MEANS Procedure 
N 
PER obs variable Label Mean Variance Std Error 
C 
NS 
OS 
1 93 REP REP 
WATER WATER 
stdresi d 
2 87 REP REP 
WATER WATER 
stdresi d 
1 8 5 REP REP 
WATER WATER 
stdresid 
2 91 REP REP 
WATER WATER 
stdresid 
1 88 REP REP 
WATER WATER 
stdresi d 
2 93 REP REP 
WATER WATER 
stdresi d 
3.4731183 
181.6566667 
0.0020770 
3.5287356 
143.7942529 
0.000384611 
3.7058824 
142.6210588 
0.000030117 
3.4725275 
73.7348352 
5.6333002E-7 
3.4318182 
136.7711364 
0.000091941 
3.5483871 
87.7036559 
0.000070206 
2.9041608 
11585.78 
3.6525922 
3.0195135 
2973.36 
0.9298572 
2.7100840 
1388.28 
0.4329512 
2.8964591 
176.6230453 
0.0549768 
2.9608150 
2384.32 
0.7440414 
2.9460028 
659.0487800 
0.2052301 
0.1767131 
11.1614645 
0.1981797 
0.1862983 
5.8460713 
0.1033829 
0.1785591 
4.0413791 
0.0713691 
0.1784075 
1.3931664 
0.0245793 
0.1834274 
5.2052411 
0.0919512 
0.1779816 
2.6620567 
0.0469763 
TRT 
C 
NS 
OS 
N Lower 95% Upper 95% 
PER Obs Variable Label CL for Mean CL for Mean 
 703 
1 93 REP 
WATER 
stdresid 
2 87 REP 
WATER 
stdresid 
1 85 REP 
WATER 
stdresi d 
2 91 REP 
WATER 
stdresid 
1 88 REP 
WATER 
stdresid 
2 93 REP 
WATER 
stdresid 
REP 3.1221507 3.8240858 
WATER 159.4890347 203.8242986 
-0.3915249 0.3956790 
REP 3.1583869 
WATER 132.1726477 
-0.2051337 
REP 3.3507981 
WATER 134.5843332 
-0.1418951 
REP 
WATER 
3.1180899 
70.9670670 
-0.0488304 
REP 3.0672363 
WATER 126.4251561 
-0.1826709 
REP 
WATER 
3.1949003 
82.4165815 
-0.0932288 
3.8990844 
155.4158580 
0.2059029 
4.0609666 
150.6577844 
0.1419553 
3.8269650 
76.5026034 
0.0488316 
3.7964001 
147.1171166 
0.1828548 
3.9018739 
92.9907304 
0.0933692 
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Dependent variable: WATER 
Contrast 
t rtCl t rtC2 equal 
trtNSl trtN52 equal 
trtosl trtos2 equal 
% Residue Cover Period 1: 
Dependent variable: CovER 
source 
Model 
Error 
Corrected Total 
DF Contrast SS 
1 64438.6289 
1 208551.0616 
1 108861.5621 
Mean Square 
64438,6289 
208551.0616 
108861.5621 
Sum of 
DF Squares Mean Square 
2 16150.73727 8075.36864 
51 2652.28561 52.00560 
53 18803.02288 
N 
TRT obs variable Label 
The MEANS Procedure 
Mean 
F Value Pr > F 
19.87 <.0001 
64.30 <.0001 
33.57 <.0001 
F Value Pr > F 
155.28 <.0001 
Variance Std Error 
Lower 95% 
CL for Mean 
C 
NS 
OS 
18 PER 
REP 
COVER 
stdresid 
18 PER 
REP 
COVER 
stdresi d 
18 PER 
REP 
COVER 
stdresi d 
PER 
REP 
COVER 
PER 
REP 
COVER 
PER 
REP 
COVER 
1.0000000 
3.5000000 
61.4983333 
0.0163621 
1.0000000 
3.5000000 
96.7950000 
-0.0014588 
1.0000000 
3.5000000 
99.4322222 
-0.000267108 
0 
3.0882353 
142.0991676 
3.3986115 
0 
3.0882353 
11.5647324 
0.2357160 
0 
3.0882353 
2.3529007 
0.0473905 
0 
0.4142084 
2.8096972 
0.4345247 
0 
0.4142084 
0.8015517 
0.1144349 
0 
0.4142084 
0.3615476 
0.0513109 
2.6260966 
55.5703905 
-0.9004049 
2.6260966 
95.1038737 
-0.2428952 
2.6260966 
98.6694234 
-0.1085236 
TRT 
N Upper 95% 
obs variable Label CL for Mean 
C 
NS 
OS 
18 PER 
REP 
COVER 
stdresid 
18 PER 
REP 
COVER 
stdresid 
18 PER 
REP 
COVER 
stdresid 
PER 
REP 4.3739034 
COVER 67.4262762 
0.9331292 
PER 
REP 4.3739034 
COVER 98.4861263 
0.2399777 
PER 
REP 4.3739034 
COVER 100.1950211 
0.1079894 
.Dependent variable: COVER 
Contrast 
trtC trtNS trt05 equal 
trtC-trtOS 
trtNS-trt05 
trtNS-trtC 
DF Contrast SS Mean Square F Value Pr > F 
2 16150.73727 8075.36864 155.28 <.0001 
1 12950.81934 12950.81934 249.03 <.0001 
1 62.59447 62.59447 1.20 0.2778 
1 11212.69210 11212.69210 215.61 <.0001 
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°~o Residue Cover Period 2: 
Dependent variable: COVER 
Source 
Model 
Error 
Corrected Total 
Sum of 
DF Squares Mean Square 
2 8367.50584 4183.75292 
51 2682.49464 52.59793 
53 11050.00048 
N 
TRT Obs variable Label 
The MEANS Procedure 
Mean 
F Value Pr > F 
79.54 <.0001 
Variance Std Error 
Lower 95~ 
CL for Mean 
C 
NS 
OS 
18 PER 
REP 
COVER 
stdresid 
18 PER 
REP 
COVER 
stdresi d 
18 PER 
REP 
COVER 
stdresi d 
PER 
REP 
COVER 
PER 
REP 
COVER 
PER 
REP 
COVER 
2.0000000 
3.5000000 
70.8255556 
-0.0179018 
2.0000000 
3.5000000 
94.2233333 
-0.0023704 
2.0000000 
3.5000000 
99.4566667 
-0.000210597 
0 
3.0882353 
124.7632261 
2.9833670 
0 
3.0882353 
30.9481176 
0.6256992 
0 
3.0882353 
2.0824588 
0.0414045 
0 
0.4142084 
2.6327344 
0.4071150 
0 
0.4142084 
1.3112360 
0.1864432 
0 
0.4142084 
0.3401355 
0.0479609 
2.6260966 
65.2709715 
-0.8768394 
2.6260966 
91.4568672 
-0.3957311 
2.6260966 
98.7390435 
-0.1013993 
TRT 
N Upper 95~ 
obs variable Label CL for Mean 
C 
NS 
18 PER 
REP 
COVER 
stdresid 
18 PER 
REP 
COVER 
stdresid 
OS 18 PER 
REP 
COVER 
stdresi d 
PER . 
REP 4.3739034 
COVER 76.3801396 
0.8410357 
PER . 
REP 4.3739034 
COVER 96.9897995 
0.3909904 
PER . 
REP 4.3739034 
covER 100.1742898 
0.1009781 
Dependent Variable: COVER 
Contrast 
trtC trtNS trtOS equal 
trtC-trtOS 
trtNS-trtOS 
trtNS-trtC 
DF Contrast SS 
2 8367.505837 
1 7377.664711 
1 246.490000 
1 4927.104044 
Mean square 
4183.752919 
7377.664711 
246.490000 
4927.104044 
F Value Pr > F 
79.54 <.0001 
140.27 <.0001 
4.69 0.0351 
93.67 <.0001 
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% Residue Cover Period 1 vs. Period 2: 
Dependent Variable: COVER 
Source 
Model 
Error 
Corrected Total 
TRT 
DF 
5 
102 
107 
Sum of 
Squares 
24656.14831 
5334.78026 
29990.92856 
The MEANS Procedure 
N 
PER Obs variable Label 
Mean Square 
4931.22966 
52.30177 
F Value Pr > F 
94.28 <.0001 
Mean variance Std Error 
C 
NS 
OS 
1 18 REP REP 
COVER COVER 
stdresi d 
2 18 REP REP 
COVER COVER 
stdresi d 
1 18 REP REP 
COVER COVER 
stdresid 
2 18 REP REP 
COVER COVER 
stdresid 
1 18 REP REP 
COVER COVER 
stdresi d 
2 18 REP REP 
COVER COVER 
stdresid 
3.5000000 
61.4983333 
0.0072765 
3.5000000 
70.8255556 
-0.0073877 
3.5000000 
96.7950000 
-0.000715872 
3.5000000 
94.2233333 
-0.0011769 
3.5000000 
99.4322222 
-0.000132511 
3.5000000 
99.4566667 
-0.000106348 
3.0882353 
142.0991676 
3.0994894 
3.0882353 
124.7632261 
2.7316030 
3.0882353 
11.5647324 
0.2342193 
3.0882353 
30.9481176 
0.6278788 
3.0882353 
2.3529007 
0.0473774 
3.0882353 
2.0824588 
0.0419003 
0.4142084 
2.8096972 
0.4149625 
0.4142084 
2.6327344 
0.3895584 
0.4142084 
0.8015517 
0.1140710 
0.4142084 
1.3112360 
0.1867677 
0.4142084 
0.3615476 
0.0513038 
0.4142084 
0.3401355 
0.0482472 
N Lower 95% 
TRT PER Obs Variable Label CL for Mean 
Upper 95% 
CL for Mean 
C 
NS 
os 
1 18 REP 
COVER 
stdresid 
2 18 REP 
COVER 
stdresid 
1 18 REP 
COVER 
stdresid 
2 18 REP 
COVER 
stdresid 
1 18 REP 
COVER 
stdresid 
2 18 REP 
COVER 
stdresid 
REP 
COVER 
REP 
COVER 
REP 
COVER 
REP 
COVER 
REP 
COVER 
REP 
COVER 
2.6260966 
55.5703905 
-0.8682178 
2.6260966 
65.2709715 
-0.8292840 
2.6260966 
95.1038737 
-0.2413846 
2.6260966 
91.4568672 
-0.3952222 
2.6260966 
98.6694234 
-0.1083740 
2.6260966 
98.7390435 
-0.1018991 
4.3739034 
67.4262762 
0.8827708 
4.3739034 
76.3801396 
0.8145086 
4.3739034 
98.4861263 
0.2399528 
4.3739034 
96.9897995 
0.3928684 
4.3739034 
100.1950211 
0.1081090 
4.3739034 
100.1742898 
0.1016864 
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Dependent variable: COVER 
Contrast 
trtCl trtC2 equal 
trtN51 trtNS2 equal 
trtoSl trtOS2 equal 
DF Contrast SS 
1 782.9736694 
1 59.5212250 
1 0.0053778 
Total Sediment Loss (Grams) Period 1: 
Dependent Variable: GRAMSSED 
Source 
Model 
Error 
Corrected Total 
N 
TRT obs variable Sabel 
Mean Square 
782.9736694 
59.5212250 
0.0053778 
Sum of 
DF Squares Mean Square 
2 8973.25548 4486.62774 
258 33246.34115 128.86179 
260 42219.59663 
The MEANS Procedure 
Mean 
F Value Pr > F 
14.97 0.0002 
1.14 0.2886 
0.00 0.9919 
F value Pr > F 
34.82 <.0001 
variance Std Error 
dower 95% 
CL for Mean 
C 93 
NS 84 
oS 84 
PER 
REP 
GRAMSSED 
stdresi d 
PER 
REP 
GRAMSSED 
stdresi d 
PER 
REP 
GRAMSSED 
stdresi d 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
1.0000000 
3.4731183 
16.6107527 
0.0094962 
1.0000000 
3.6904762 
. 10.5476190 
0.0044842 
1.0000000 
3.4523810 
2.3738095 
3.6860489E-6 
0 
2.9041608 
250.5316223 
2.0400130 
0 
2.7223178 
121.2010786 
0.9815726 
0 
2.9736087 
1.6595468 
0.0129865 
0 
0.1767131 
1.6413069 
0.1481068 
0 
0.1800237 
1.2011952 
0.1080990 
0 
0.1881492 
0.1405578 
0.0124339 
3.1221507 
13.3509755 
-0.2846567 
3.3324162 
8.1584900 
-0.2105203 
3,0781599 
2.0942456 
-0.0247268 
TRT 
N 
obs variable Sabel 
Uppe r 95% 
CL for Mean 
C 
NS 
93 PER 
REP 
GRAMSSED 
stdresid 
84 PER 
REP 
GRAMSSED 
stdresid 
OS 84 PER 
REP 
GRAMSSED 
stdresid 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
3.8240858 
19.8705299 
0.3036490 
4.0485362 
12.9367481 
0.2194887 
3.8266021 
2.6533734 
0.0247341 
Dependent Variable: GRAMSSED 
Contrast 
trtC trtNS trtOS equal 
trtC-trtOS 
trtNS-trtOS 
trtNS-trtC 
DF Contrast SS 
2 8973.255476 
1 8945.867694 
1 2806.068810 
1 1622.494562 
Mean Square F Value Pr > F 
4486.627738 
8945.867694 
2806.068810 
1622.494562 
34.82 <.0001 
69.42 <.0001 
21.78 <.0001 
12.59 0.0005 
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Total Sediment Loss (Grams) Period 2: 
Dependent variable: GRAMSSED 
Source 
Model 
Error 
Corrected Total 
N 
TRT obs variable Sabel 
Sum of 
DF Squares Mean Square 
2 35562.58973 17781.29487 
259 48004.18828 185.34436 
261 83566.77802 
The MEANS Procedure 
Mean variance 
F value Pr > F 
95.94 <.0001 
Std Error 
dower 95% 
Cl. for Mean 
C 
NS 
. OS 
85 PER 
REP 
GRAMSSED 
stdresi d 
89 PER 
REP 
GRAMSSED 
stdresid 
88 PER 
REP 
GRAMSSED 
stdresid 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
2.0000000 
3.5294118 
29.2658824 
0.0089857 
2.0000000 
3.5056180 
21.7078652 
0.000827303 
2.0000000 
3.5340909 
1.6090909 
4.8054901E-7 
0 
3.0378151 
421.3308459 
2.3824979 
0 
2.8891726 
142.8691420 
0.7822268 
0 
2.9643417 
0.4587670 
0.0024942 
0 
0.1890476 
2.2263947 
0.1674198 
0 
0.1801738 
1.2669930 
0.0937500 
0 
0.1835366 
0.0722029 
0.0053239 
3.1534698 
24.8384523 
-0.3239470 
3.1475603 
19.1899828 
-0.1854812 
3.1692919 
1.4655798 
-0.0105813 
TRT 
N 
Obs variable Sabel 
upper 95% 
CL for Mean 
C 
NS 
85 PER 
REP 
GRAMSSED 
stdresi d 
89 PER 
REP 
GRAMSSED 
stdresid 
OS 88 PER 
REP 
GRAMSSED 
stdresid 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
PER 
REP 
GRAMSSED 
3.9053537 
33.6933124 
0.3419183 
3.8636756 
24,2257475 
0.1871358 
3.8988899 
1.7526020 
0.0105822 
Dependent Variable: GRAMSSED 
Contrast 
trtC trtNs trtOS equal 
trtC-trtOS 
trtNs-trtOS 
trtNs-trtC 
DF Contrast SS 
2 35562.58973 
1 33071.89529 
1 17874.69159 
1 2483.56445 
Mean Square 
17781.29487 
33071.89529 
17874.69159 
2483.56445 
F Value Pr > F 
95.94 <.0001 
178.43 <.0001 
96.44 <.0001 
13.40 0.0003 
83 
Total Sediment Loss (Grams) Period 1 vs. Period 2: 
Dependent Variable: GRAMSSED 
Source 
Model 
Error 
corrected Total 
TRT 
sum of 
DF Squares Mean Square F Value Pr > F 
5 51564.2580 10312.8516 65.62 <.0001 
517 81250.5294 157.1577 
522 132814.7875 
The MEANS Procedure 
N 
PER obs variable Sabel Mean variance Std Error 
C 
NS 
OS 
1 93 REP REP 
GRAMSSED GRAMSSED 
stdresid 
2 85 REP REP 
GRAMSSED GRAMSSED 
stdresid 
1 84 REP REP 
GRAMSSED GRAMSSED 
stdresid 
2 89 REP REP 
GRAMSSED GRAMSSED 
stdresid 
1 84 REP REP 
GRAMSSED GRAMSSED 
stdresid 
2 88 REP REP 
GRAMSSED GRAMSSED 
stdresid 
3.4731183 
16.6107527 
0.0034203 
3.5294118 
29.2658824 
0.0056436 
3.6904762 
10.5476190 
0.0016240 
3.5056180 
21.7078652 
0.000528515 
3.4523810 
2.3738095 
1.366768E-6 
3.5340909 
1.6090909 
3.0860693E-7 
2.9041608 
250.5316223 
1.6349950 
3.0378151 
421.3308459 
2.7695990 
2.7223178 
121.2010786 
0.7898419 
2.8891726 
142.8691420 
0.9215563 
2.9736087 
1.6595468 
0.0106674 
2.9643417 
0.4587670 
0.0029472 
0.1767131 
1.6413069 
0.1325918 
0.1890476 
2.2263947 
0.1805091 
0.1800237 
1.2011952 
0.0969684 
0.1801738 
1.2669930 
0.1017574 
0.1881492 
0.1405578 
0.0112691 
0.1835366 
0.0722029 
0.0057871 
TRT 
N 
PER obs variable Sabel 
power 95% Upper 95% 
CL for Mean CL for Mean 
C 
NS 
OS 
1 93 REP 
GRAMSSED 
stdresid 
2 85 REP 
GRAMSSED 
stdresid 
1 84 REP 
GRAMSSED 
stdresid 
2 89 REP 
GRAMSSED 
stdresi d 
1 84 REP 
GRAMSSED 
stdresid 
2 88 REP 
GRAMSSED 
stdresid 
REP 
GRAMSSED 
REP 
GRAMSSED 
REP 
GRAMSSED 
REP 
GRAMSSED 
REP 
GRAMSSED 
REP 
GRAMSSED 
3.1221507 
13.3509755 
-0.2599185 
3.1534698 
24.8384523 
-0.3533185 
3.3324162 
8.1584900 
-0.1912423 
3.1475603 
19.1899828 
-0.2016929 
3.0781599 
2.0942456 
-0.0224125 
3.16 9 2 919 
1.4655798 
-0.0115022 
3.8240858 
19.8705299 
0.2667591 
3.9053537 
33.6933124 
0.3646056 
4.0485362 
12.9367481 
0.1944904 
3.8636756 
24.2257475 
0.2027499 
3.8266021 
2.6533734 
0.0224152 
3.8988899 
1.7526020 
0.0115028 
84 
Dependent variable: GRAMSSED 
Contrast 
t rtCl t rtC2 equal 
trtNsl trtN52 equal 
trtOsl trtoS2 equal 
DF Contrast SS Mean Square F Value Pr > F 
1 7112.381941 7112.381941 45.26 <.0001 
1 5382.335115 5382.335115 34.25 <.0001 
1 25.132566 25.132566 0.16 0.6894 
Total Water Loss (Liters) Period 1: 
Dependent variable: RUNOFF 
Source 
Model 
Error 
Corrected Total 
TRT 
Sum of 
DF Squares Mean Square 
2 1077.633579 538.816790 
263 2403.951470 9.140500 
265 3481.585050 
N 
Obs variable Sabel 
The MEANS Procedure 
Mean variance 
F Value Pr > F 
58.95 <.0001 
power 95% 
Std Error CL for Mean 
C 
NS 
OS 
93 PER 
REP 
RUNOFF 
stdresid 
85 PER 
REP 
RUNOFF 
stdresid 
88 PER 
REP 
RUNOFF 
stdresid 
PER 
REP 
RUNOFF 
PER 
REP 
RUNOFF 
PER 
REP 
RUNOFF 
1.0000000 
3.4731183 
4.3916129 
0.000700209 
1.0000000 
3.7058824 
7.9248235 
-0.000983688 
1.0000000 
3.4318182 
9.0596591 
-0.000546935 
0 
2.9041608 
6.9559876 
0.7720471 
0 
2.7100840 
7.4887681 
0.8332301 
0 
2.9608150 
13.0453344 
1.4628173 
0 
0.1767131 
0.2734878 
0.0911130 
0 
0.1785591 
0.2968218 
0.0990086 
0 
0.1834274 
0.3850226 
0.1289299 
3.1221507 
3.8484426 
-0.1802581 
3.3507981 
7.3345609 
-0.1978732 
3.0672363 
8.2943849 
-0.2568091 
TRT 
N Upper 95% 
obs variable Sabel CL for Mean 
C 
NS 
OS 
93 PER 
REP 
RUNOFF 
stdresid 
85 PER 
REP 
RUNOFF 
stdresi d 
88 PER 
REP 
RUNOFF 
stdresi d 
PER . 
REP 3.8240858 
RUNOFF 4.9347832 
0.1816585 
PER . 
REP 4.0609666 
RUNOFF 8.5150861 
0.1959058 
PER . 
REP 3.7964001 
RUNOFF 9.8249333 
0.2557152 
Dependent Variable: RUNOFF 
Contrast 
trtC trtNS trtOs equal 
trtC-trtOS 
trtNS-trtOs 
trtNS-trtC 
DF Contrast SS Mean Square F value Pr > F 
2 1077.633579 538.816790 58.95 <.0001 
1 985.274709 985.274709 107.79 <.0001 
1 55.682839 55.682839 6.09 0.0142 
1 554.397072 554.397072 60.65 <.0001 
85 
Total Water Loss (Liters) Period 2: 
Dependent variable: RUNOFF 
Source 
Model 
Error 
Corrected Total 
Sum of 
DF Squares Mean Square F value Pr > F 
2 789.215763 394.607881 52.41 <.0001 
262 1972.680636 7.529315 
264 2761.896398 
N 
TRT obs variable Sabel 
The MEANS Procedure 
Mean Variance Std Error 
power 95% 
CL for Mean 
C 
NS 
os 
87 PER 
REP 
RUNOFF 
stdresid 
88 PER 
REP 
RUNOFF 
stdresid 
90 PER 
REP 
RUNOFF 
stdresid 
PER 
REP 
RUNOFF 
PER 
REP 
RUNOFF 
PER 
REP 
RUNOFF 
2.0000000 
3.5287356 
7.8302299 
-0.0021526 
2.0000000 
3.5227273 
11.7864773 
-0.0017762 
2.0000000 
3.5000000 
11.1454444 
-0.0016312 
0 
3.0195135 
10.5432395 
1.4305806 
0 
2.8960293 
6.0264783 
0.8244398 
0 
2.9494382 
6.0860498 
0.8248849 
0 
0.1862983 
0.3481187 
0.1282320 
0 
0.1814095 
0.2616920 
0.0967917 
0 
0.1810291 
0.2600438 
0.0957360 
3.1583869 
7.1381927 
-0.2570694 
3.1621562 
11.2663361 
-0.1941602 
3.1402990 
10.6287430 
-0.1918567 
TRT Obs variable Sabel C~UforrMean 
C 
NS 
OS 
87 PER 
REP 
RUNOFF 
stdresid 
88 PER 
REP 
RUNOFF 
stdresi d 
90 PER 
REP 
RUNOFF 
stdresi d 
PER 
REP 
RUNOFF 
PER 
REP 
RUNOFF 
PER 
REP 
RUNOFF 
3.8990844 
8.5222670 
0.2527643 
3.8832984 
12.3066185 
0.1906078 
3.8597010 
11.6621459 
0.1885942 
Dependent variable: RUNOFF 
Contrast 
trtC trtNS trtOS equal 
trtC-trtOS 
trtNS-trtOS 
trtNS-trtC 
DF Contrast SS Mean Square 
2 789.2157629 
1 486.1964436 
1 18.2837688 
1 684.7479761 
394.6078815 
486.1964436 
18.2837688 
684.7479761 
F Value Pr > F 
52.41 <.0001 
64.57 <.0001 
2.43 0.1204 
90.94 <.0001 
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Total Water Loss (Liters) Period 1 vs. Period 2: 
Dependent Variable: RUNOFF 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 5 3203.971893 640.794379 75.63 <.0001 
Error 560 4744.774801 8.472812 
Corrected Total 565 7948.746694 
The MEANS Procedure 
TRT 
N 
PER obs variable Sabel Mean variance std Error 
C 
NS 
OS 
1 93 REP REP 3.4731183 2.9041608 0.1767131 
RUNOFF RUNOFF 4.3916129 6.9559876 0.2734878 
stdresid 0.000366612 0.8315216 0.0945574 
2 87 REP REP 3.5287356 3.0195135 0.1862983 
RUNOFF RUNOFF 7.8302299 10.5432395 0.3481187 
stdresid -0.000834309 1.2636910 0.1205205 
1 103 REP REP 4.0970874 2.9708738 0.1698336 
RUNOFF RUNOFF 8.4223301 7.6356984 0.2722737 
stdresid -0.000629238 0.9127975 0.0941388 
2 105 REP REP 3.9142857 3.2329670 0.1754713 
RUNOFF RUNOFF 11.5589524 7.1409768 0.2607859 
stdresid -0.0011731 0.8596665 0.0904837 
1 88 REP REP 3.4318182 2.9608150 0.1834274 
RUNOFF RUNOFF 9.0596591 13.0453344 0.3850226 
stdresid -0.000292233 1.5679164 0.1334812 
2 90 REP REP 3.5000000 2.9494382 0.1810291 
RUNOFF RUNOFF 11.1454444 6.0860498 0.2600438 
stdresid -0.000632329 0.7289500 0.0899969 
N power 95% Upper 95% 
TRT PER Obs variable Label CL for Mean cL for Mean 
C 
NS 
OS 
1 93 REP REP 3.1221507 3.8240858 
RUNOFF RUNOFF 3.8484426 4.9347832 
stdresid -0.1874325 0.1881657 
2 87 REP REP 3.1583869 3.8990844 
RUNOFF RUNOFF 7.1381927 8.5222670 
stdresid -0.2404211 0.2387525 
1 103 REP REP 3.7602233 4.4339514 
RUNOFF RUNOFF 7.8822764 8.9623838 
stdresid -0.1873531 0.1860946 
2 105 REP REP 3.5663196 4.2622518 
RUNOFF RUNOFF 11.0418041 12.0761007 
stdresid -0.1806057 0.1782595 
1 88 REP REP 3.0672363 3.7964001 
RUNOFF RUNOFF 8.2943849 9.8249333 
stdresid -0.2656006 0.2650161 
2 90 REP REP 3.1402990 3.8597010 
RUNOFF RUNOFF 10.6287430 11.6621459 
stdresid -0.1794543 0.1781896 
87 
Dependent Variable: RUNOFF 
Contrast 
trtCl trtC2 equal 
t rtN51 t rtN52 equal 
trtosl trto52 equal 
Nitrate+Nitrite (mg/L) Period 1: 
Dependent variable: No3_No2 
source 
Model 
Error 
Corrected Total 
N 
TRT obs variable Sabel 
DF Contrast SS 
1 531.4926993 
1 511.5494663 
1 193.5728331 
Mean Square 
531.4926993 
511.5494663 
193.5728331 
Sum of 
DF Squares Mean Square 
2 115.9477778 57.9738889 
15 167.0100000 11.1340000 
17 282.9577778 
The MEANS Procedure 
Mean variance 
F Value Pr > F 
62.73 <.0001 
60.38 <.0001 
22.85 <.0001 
F value Pr > F 
5.21 0.0192 
std Error 
power 95% 
CL for Mean 
C 
NS 
O5 
6 PER 
REP 
NO3_NO2 
stdresi d 
6 PER 
REP 
NO3_No2 
stdresid 
6 PER 
REP 
NO3_NO2 
stdresid 
PER 
REP 
NO3_NO2 
PER 
REP 
NO3_NO2 
PER 
REP 
NO3_NO2 
1.0000000 
3.5000000 
7.9666667 
0.1099229 
1.0000000 
3.5000000 
4.3166667 
0.0179900 
1.0000000 
3.5000000 
1.7833333 
0.000722441 
0 
3.5000000 
27.3866667 
4.1167651 
0 
3.5000000 
5.0496667 
0.5770729 
0 
3.5000000 
0.9656667 
0.0983115 
0 
0.7637626 
2.1364560 
0.8283281 
0 
0.7637626 
0.9173937 
0.3101271 
0 
0.7637626 
0.4011788 
0.1280049 
1.5366857 
2.4747316 
-2.0193624 
1.5366857 
1.9584312 
-0.7792171 
1.5366857 
0.7520703 
-0.3283246 
TRT 
N 
obs variable Sabel 
Upper 95% 
C~ for Mean 
C 
NS 
6 PER 
REP 
No3_No2 
stdresid 
6 PER 
REP 
NO3_NO2 
stdresid 
OS 6 PER 
REP 
NO3_NO2 
stdresid 
PER 
REP 5.4633143 
No3_No2 13.4586018 
2.2392082 
PER 
REP 
NO3_NO2 
PER 
REP 
NO3_NO2 
5.4633143 
6.6749021 
0.8151970 
5.4633143 
2.8145963 
0.3297695 
Dependent variable: NO3_NO2 
Contrast 
trtC trtNS trtOS equal 
trtC-trt05 
trtNS-trt05 
trtNs-trtC 
DF Contrast SS 
2 115.9477778 
1 114.7008333 
1 19.2533333 
1 39.9675000 
Mean Square 
57.9738889 
114.7008333 
19.2533333 
39.9675000 
F Value Pr > F 
5.21 0.0192 
10.30 0.0058 
1.73 0.2083 
3.59 0.0776 
88 
Nitrate+Nitrite (mg/L) Period 2: 
Dependent variable: No3_No2 
Source 
Model 
Error 
Corrected Total 
N 
TRT Obs variable Label 
Sum of 
DF Squares Mean Square 
2 581.8433333 290.9216667 
15 242.2816667 16.1521111 
17 824.1250000 
The MEANS Procedure 
Mean variance 
F val u e Pr > F 
18.01 0.0001 
Std Error 
Lower 95% 
CL for Mean 
C 
NS 
- OS 
6 PER 
REP 
NO3_NO2 
stdresid 
6 PER 
REP 
NO3_NO2 
stdresid 
6 PER 
REP 
No3_NO2 
stdresid 
PER 
REP 
NO3_NO2 
PER 
REP 
NO3_NO2 
PER 
REP 
No3_No2 
2.0000000 
3.5000000 
13.4666667 
0.7750023 
2.0000000 
3.5000000 
2.5833333 
0.000378738 
2.0000000 
3.5000000 
0.5000000 
4.677616E-16 
0 
3.5000000 
45.0906667 
13.6927027 
0 
3.5000000 
3.3656667 
0.2373542 
0 
3.5000000 
0 
0 
0 
0.7637626 
2.7413703 
1.5106678 
0 
0.7637626 
0.7489622 
0.1988945 
0 
0.7637626 
0 
0 
1.5366857 
6.4197500 
-3.1082928 
1.5366857 
0.6580646 
-0.5108959 
1.5366857 
TRT 
N 
obs variable Label 
upper 95% 
CL for Mean 
C 
NS 
6 PER 
REP 
NO3_NO2 
stdresid 
6 PER 
REP 
NO3_NO2 
stdresid 
OS 6 PER 
REP 
NO3_NO2 
stdresid 
PER 
REP 
No3_NO2 
PER 
REP 
NO3_NO2 
PER 
REP 
NO3_NO2 
5.4633143 
20.5135834 
4.6582975 
5.4633143 
4.5086021 
0.5116534 
5.4633143 
Dependent variable: No3_No2 
Contrast 
trtC trtNS trtOS equal 
trtC-trt05 
trtNS-trtOS 
trtNS-trtC 
DF Contrast SS 
2 581.8433333 
1 504.4033333 
1 13.0208333 
1 355.3408333 
Mean Square 
290.9216667 
504.4033333 
13.0208333 
355.3408333 
F Value Pr > F 
18.01 0.0001 
31.23 <.0001 
0.81 0.3834 
22.00 0.0003 
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Nitrate+Nitrite (mg/L) Period 1 vs. Period 2: 
Dependent variable: No3_NO2 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 5 703.958056 140.791611 10.32 <.0001 
Error 30 409.291667 13.643056 
Corrected Total 35 1113.249722 
The MEANS Procedure 
TRT 
N 
PER obs variable Sabel Mean variance Std Error 
C 
NS 
OS 
1 6 REP REP 3.5000000 3.5000000 0.7637626 
NO3_No2 NO3_NO2 7.9666667 27.3866667 2.1364560 
stdresid 0.0277079 2.6618746 0.6660674 
2 6 REP REP 3.5000000 3.5000000 0.7637626 
NO3_NO2 NO3_NO2 13.4666667 45.0906667 2.7413703 
stdresid 0.2342564 6.5622675 1.0458065 
1 6 REP REP 3.5000000 3.5000000 0.7637626 
No3_No2 No3_No2 4.3166667 5.0496667 0.9173937 
stdresid 0.0062587 0.4511290 0.2742046 
2 6 REP REP 3.5000000 3.5000000 0.7637626 
No3_No2 No3_No2 2.5833333 3.3656667 0.7489622 
stdresid 0.000245306 0.2890303 0.2194806 
1 6 REP REP 3.5000000 3.5000000 0.7637626 
NO3_No2 No3_No2 1.7833333 0.9656667 0.4011788 
stdresid 0.000268485 0.0825062 0.1172648 
2 6 REP REP 3.5000000 3.5000000 0.7637626 
No3_No2 No3_NO2 0.5000000 0 0 
stdresid -9.06445E-16 0 0 
TRT 
N power 95% Upper 95% 
PER obs vari abl a Label Cl. for Mean CL for Mean 
C 
NS 
OS 
1 6 REP REP 1.5366857 5.4633143 
No3_No2 NO3_NO2 2.4747316 13.4586018 
stdresid -1.6844729 1.7398886 
2 6 REP REP 1.5366857 5.4633143 
No3_No2 No3_No2 6.4197500 20.5135834 
stdresid -2.4540748 2.9225876 
1 6 REP REP 1.5366857 5.4633143 
NO3_NO2 NO3_NO2 1.9584312 6.6749021 
stdresid -0.6986067 0.7111241 
2 6 REP REP 1.5366857 5.4633143 
No3_No2 NO3_NO2 0.6580646 4.5086021 
stdresid -0.5639475 0.5644381 
1 6 REP REP 1.5366857 5.4633143 
NO3_NO2 No3_NO2 0.7520703 2.8145963 
stdresid -0.3011703 0.3017073 
2 6 REP REP 1.5366857 5.4633143 
NO3_NO2 NO3_NO2 
stdresid 
90 
Dependent variable: NO3_NO2 
Contrast 
t rtC1 t rtC2 equal 
trtN51 trtN52 equal 
trto5l trto52 equal 
DF Contrast SS Mean Square F Value Pr > F 
1 90.75000000 90.75000000 6.65 0.0151 
1 9.01333333 9.01333333 0.66 0.4227 
1 4.94083333 4.94083333 0.36 0.5518 
Total Phosphorus (mg/L) Period 1: 
Dependent variable: TOTP 
Source 
Model 
Error 
Corrected Total 
TRT 
N 
obs variable Sabel 
Sum of 
DF Squares 
2 1.88813333 
15 1.24166667 
17 3.12980000 
The MEANS Procedure 
Mean 
Mean Square 
0.94406667 
0.08277778 
F Value Pr > F 
11.40 0.0010 
variance std Error 
power 95% 
C~ for Mean 
C 
NS 
OS 
6 PER 
REP 
TOTP 
std resi d 
6 PER 
REP 
TOTP 
stdresid 
6 PER 
REP 
TOTP 
stdresid 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
1.0000000 
3.5000000 
1.3533333 
-0.0019089 
l.0000000 
3.5000000 
0.9566667 
0.0358651 
l.0000000 
3.5000000 
0.5600000 
-0.000064855 
0 
3.5000000 
0.1892667 
3.1024368 
0 
3.5000000 
0.0550267 
0.9124941 
0 
3.5000000 
0.0040400 
0.0551062 
0 
0.7637626 
0.1776076 
0.7190777 
0 
0.7637626 
0.0957659 
0.3899774 
0 
0.7637626 
0.0259487 
0.0958351 
1.5366857 
0.8967786 
-1.8503571 
1.5366857 
0.7104925 
-0.9666037 
1.5366857 
0.4932968 
-0.2464168 
Dependent Variable : TOTP 
Contrast 
TRT 
N 
obs variable 
upper 95% 
Sabel CL for Mean 
C 
NS 
6 PER 
REP 
TOTP 
stdresid 
6 PER 
REP 
TOTP 
stdresid 
OS 6 PER 
REP 
TOTP 
stdresid 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
5.4633143 
1.8098881 
1.8465393 
5.4633143 
1.2028408 
1.0383338 
5.4633143 
0.6267032 
0.2462871 
trtC trtNS trtOS equal 
trtC-trtOS 
trtNS-trtOS 
trtNS-trtC 
DF Contrast SS Mean Square F Value Pr > F 
2 1.88813333 0.94406667 11.40 0.0010 
1 1.88813333 1.88813333 22.81 0.0002 
1 0.47203333 0.47203333 5.70 0.0305 
1 0.47203333 0.47203333 5.70 0.0305 
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Total Phosphorus (mg/L) Period 2: 
Dependent Variable: TOTP 
Source 
Model 
TRT 
C 
NS 
OS 
Error 
Corrected Total 
N 
Obs variable Sabel 
Sum of 
DF Squares Mean Square 
2 3.71337778 1.85668889 
15 0.57345000 0.03823000 
17 4.28682778 
The MEANS Procedure 
Mean variance 
F value Pr > F 
48.57 <.0001 
Std Error 
power 95% 
CL for Mean 
6 PER 
REP 
TOT P 
std resi d 
6 PER 
REP 
TOT P 
std resi d 
6 PER 
REP 
TOT P 
std resi d 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
2.0000000 
3.5000000 
1.2283333 
-0.0022221 
2.0000000 
3.5000000 
0.8916667 
-0.0303413 
2.0000000 
3.5000000 
0.1416667 
2.4143355E-6 
0 
3.5000000 
0.0482567 
1.6220629 
0 
3.5000000 
0.0662567 
2.3735074 
0 
3.s000000 
0.000176667 
0.0051779 
0 
0.7637626 
0.0896815 
0.5199460 
0 
0.7637626 
0.1050846 
0.6289551 
0 
0.7637626 
0.0054263 
0.0293765 
1.5366857 
0.9977996 
-1.3387858 
1.5366857 
0.6215380 
-1.6471219 
1.5366857 
0.1277180 
-0.0755123 
Dependent variable : TOTP 
Contrast 
TRT 
N 
obs variable 
Upper 95% 
Sabel CL for Mean 
C 
NS 
6 PER 
REP 
TOT P 
std res i d 
6 PER 
REP 
TOT P 
stdresid 
OS 6 PER 
REP 
TOTP 
stdresid 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
PER 
REP 
TOTP 
5.4633143 
1.4588671 
1.3343416 
5.4633143 
1.1617953 
1.5864394 
5.4633143 
0.1556153 
0.0755171 
trtC trtNS trt05 equal 
trtC-trtOS 
trtNS-trt05 
trtNS-trtC 
DF Contrast SS 
2 3.71337778 
1 3.54253333 
1 1.68750000 
1 0.34003333 
Mean Square 
1.85668889 
3.54253333 
1.68750000 
0.34003333 
F value Pr > F 
48.57 <.0001 
92.66 <.0001 
44.14 <.0001 
8.89 0.0093 
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Total Phosphorus (mg/L) Period 1 vs. Period 2: 
Dependent variable: TOTP 
source 
Model 
Error 
corrected Total 
TRT 
sum of 
DF Squares Mean Square F value Pr > F 
5 5.97158056 1.19431611 19.74 <.0001 
30 1.81511667 0.06050389 
35 7.78669722 
The MEANS Procedure 
N 
PER obs variable Sabel Mean variance Std Error 
C 
NS 
OS 
1 6 REP 
TOTP 
stdresid 
2 6 REP 
TOTP 
stdresid 
1 6 REP 
TOTP 
stdresid 
2 6 REP 
TOTP 
stdresid 
1 6 REP 
TOTP 
stdresid 
2 6 REP 
TOTP 
stdresid 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
3.5000000 
1.3533333 
-0.0013684 
3.5000000 
1.2283333 
-0.000554326 
3.5000000 
0.9566667 
0.0273750 
3.s000000 
0.8916667 
-0.0066371 
3.5000000 
0.5600000 
-0.000052587 
3.5000000 
0.1416667 
6.166586E-7 
3.5000000 
0.1892667 
4.1178601 
3.5000000 
0.0482567 
0.9641381 
3.5000000 
0.0550267 
1.2053539 
3.5000000 
0.0662567 
1.3471850 
3.5000000 
0.0040400 
0.0778855 
3.5000000 
0.000176667 
0.0033876 
0.7637626 
0.1776076 
0.8284383 
0.7637626 
0.0896815 
0.4008612 
0.7637626 
0.0957659 
0.4482101 
0.7637626 
0.1050846 
0.4738469 
0.7637626 
0.0259487 
0.1139338 
0.7637626 
0.0054263 
0.0237612 
TRT 
N 
PER ObS 
power 95% upper 95% 
vari abl a Sabel CL. for Mean C~ for Mean 
C 
NS 
OS 
1 6 REP 
TOTP 
stdresi d 
2 6 
1 6 
2 6 
1 6 
2 6 
REP 
TOTP 
stdresid 
REP 
TOTP 
stdresid 
REP 
TOTP 
stdresid 
REP 
TOTP 
stdresi d 
REP 
TOTP 
stdresid 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
REP 
TOTP 
1.5366857 
0.8967786 
-2.1309368 
1.5366857 
0.9977996 
-1.0310008 
1.5366857 
0.7104925 
-1.1247858 
1.5366857 
0.6215380 
-1.2246992 
1.5366857 
0.4932968 
-0.2929288 
1.5366857 
0.1277180 
-0.0610794 
5.4633143 
1.8098881 
2.1282001 
5.4633143 
1.4588671 
1.0298922 
5.4633143 
1.2028408 
1.1795358 
5.4633143 
1.1617953 
1.2114251 
5.4633143 
0.6267032 
0.2928237 
5.4633143 
0.1556153 
0.0610807 
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oependent variable: TOTP 
Contrast 
t rtCl t rtC2 equal 
trtNsl trtN52 equal 
trt051 trto52 equal 
Atrazine (mg/L) Period 1: 
Dependent Variable: ATRAZINE 
Source 
Model 
Error 
Corrected Total 
N 
TRT Obs variable Sabel 
DF Contrast SS Mean Square F Value Pr > F 
1 0.04687500 0.04687500 0.77 0.3858 
1 0.01267500 0.01267500 0.21 0.6505 
1 0.52500833 0.52500833 8.68 0.0062 
Sum of 
DF Squares Mean Square 
2 0.22142483 0.11071242 
15 0.04442611 0.00296174 
17 0.26585094 
The MEANS Procedure 
Mean variance 
F Value Pr > F 
37.38 <.0001 
Std Error 
power 95% 
CL for Mean 
C 
NS 
OS 
6 PER 
REP 
ATRAZINE 
stdresid 
6 PER 
REP 
ATRAZINE 
stdresid 
6 PER 
REP 
ATRAZINE 
stdresid 
PER 
REP 
ATRAZINE 
PER 
REP 
ATRAZINE 
PER 
REP 
ATRAZINE 
1.0000000 
3.5000000 
0.1560167 
0.0348463 
1.0000000 
3.5000000 
0.4030000 
-0.0150566 
1.0000000 
3.5000000 
0.1815000 
0.0013760 
0 
3.5000000 
0.0047997 
2.5444927 
0 
3.5000000 
0.0035712 
1.6023821 
0 
3,5000000 
0.000514300 
0.2007875 
0 
0.7637626 
0.0282835 
0.6512159 
0 
0.7637626 
0.0243967 
0.5167820 
0 
0.7637626 
0.0092583 
0.1829333 
1.5366857 
0.0833117 
-1.6391575 
1.5366857 
0.3402862 
-1.3434872 
1.5366857 
0.1577007 
-0.4688689 
TRT 
N 
obs variable Sabel 
Upper 95% 
CL for Mean 
C 
NS 
6 PER 
REP 
ATRAZINE 
stdresid 
6 PER 
REP 
ATRAZINE 
stdresid 
OS 6 PER 
REP 
ATRAZINE 
stdresid 
PER 
REP 
ATRAZINE 
PER 
REP 
ATRAZINE 
PER 
REP 
ATRAZI N E 
5.4633143 
0.2287216 
1.7088500 
5.4633143 
0.4657138 
1.3133739 
5.4633143 
0.2052993 
0.4716210 
Dependent Variable: ATRAZINE 
Contrast 
trtC trtNS trt05 equal 
trtC-trt05 
trtNS-trt05 
trtNS-trtC 
DF Contrast SS Mean Square F Value Pr > F 
2 0.22142483 0.11071242 37.38 <.0001 
1 0.00194820 0.00194820 0.66 0.4300 
1 0.14718675 0.14718675 49.70 <.0001 
1 0.18300230 0.18300230 61.79 <.0001 
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Atrazine (mg/L) Period 2: 
Dependent variable: ATRAZINE 
Sum of 
Source DF Squares Mean Square F value Pr > F 
Model 2 0.05474851 0.02737426 85.16 <.0001 
Error 15 0.00482150 0.00032143 
Corrected Total 17 0.05957001 
The MEANS Procedure 
N 
TRT Obs variable Sabel Mean 
power 95% 
Variance Std Error CL for Mean 
C 
NS 
OS 
6 PER PER 2.0000000 0 0 
REP REP 3.5000000 3.5000000 0.7637626 1.5366857 
ATRAZINE ATRAZINE 0.1331667 0.000728067 0.0110156 0.1048500 
stdresid 0.0206438 3.9944805 0.8159331 -2.0767788 
6 PER PER 2.0000000 0 0 
REP REP 3.5000000 3.5000000 0.7637626 1.5366857 
ATRAZINE ATRAZINE 0.0128167 0.000200582 0.0057819 -0.0020462 
stdresid 0.0053724 0.7411428 0.3514595 -0.8980831 
6 PER PER 2.0000000 0 0 
REP REP 3.5000000 3.5000000 0.7637626 1.5366857 
ATRAZINE ATRAZINE 0.0198500 0.000035651 0.0024376 0.0135840 
stdresid 0.0017095 0.1275542 0.1458048 -0.3730937 
TRT 
N Upper 95% 
Obs variable Sabel C~ for Mean 
C 6 PER PER 
REP REP 5.4633143 
ATRAZINE ATRAZINE 0.1614833 
stdresid 2.1180665 
NS 6 PER PER 
REP REP 5.4633143 
ATRAZINE ATRAZINE 0.0276795 
stdresid 0.9088278 
OS 6 PER PER 
REP REP 5.4633143 
ATRAZINE ATRAZINE 0.0261160 
stdresid 0.3765126 
Dependent Variable: ATRAZINE 
Contrast DF Contrast SS Mean Square F Value Pr > F 
trtC trtNS trtoS equal 2 0.05474851 0.02737426 85.16 <.0001 
trtC-trtOS 1 0.03852200 0.03852200 119.84 <.0001 
trtNS-trtOS 1 0.00014840 0.00014840 0.46 0.5072 
trtNS-trtC 1 0.04345237 0.04345237 135.18 <.0001 
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Atrazine (mg/L) Period 1 vs. Period 2: 
Dependent Variable: ATRAZINE 
Source 
Model 
Error 
Corrected Total 
TRT 
sum of 
DF Squares Mean Square F Value Pr > F 
5 0.60643428 0.12128686 73.88 <.0001 
30 0.04924760 0.00164159 
35 0.65568189 
The MEANS Procedure 
N 
PER Obs variable Sabel Mean variance Std Error 
C 
NS 
OS 
1 6 REP 
ATRAZINE 
stdresid 
2 6 REP 
ATRAZINE 
stdresid 
1 6 REP 
ATRAZINE 
stdresid 
2 6 REP 
ATRAZINE 
stdresi d 
1 6 REP 
ATRAZINE 
stdresid 
2 6 REP 
ATRAZINE 
stdresid 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
3.5000000 
0.1560167 
0.0408258 
3.5000000 
0.1331667 
0.000450602 
3.5000000 
0.4030000 
-0.0179108 
3.5000000 
0.0128167 
0.000216350 
3.5000000 
0.1815000 
0.0016897 
3.5000000 
0.0198500 
0.000073477 
3.5000000 
0.0047997 
4.5694825 
3.5000000 
0.000728067 
0.5327531 
3.5000000 
0.0035712 
2.9389208 
3.5000000 
0.000200582 
0.1425257 
3.5000000 
0.000514300 
0.3740065 
3.5000000 
0.000035651 
0.0252565 
0.7637626 
0.0282835 
0.8726857 
0.7637626 
0.0110156 
0.2979802 
0.7637626 
0.0243967 
0.6998715 
0.7637626 
0.0057819 
0.1541243 
0.7637626 
-0.0092583 
0.2496686 
0.7637626 
0.0024376 
0.0648800 
TRT 
N 
PER obs variable Sabel 
power 95% Upper 95% 
CL for Mean CL for Mean 
C 
NS 
OS 
1 6 REP 
ATRAZINE 
stdresid 
2 6 
1 6 
2 6 
1 6 
2 6 
REP 
ATRAZINE 
stdresid 
REP 
ATRAZINE 
stdresid 
REP 
ATRAZINE 
stdresid 
REP 
ATRAZINE 
stdresi d 
REP 
ATRAZINE 
stdresid 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
REP 
ATRAZINE 
1.5366857 
0.0833117 
-2.2024843 
1.5366857 
0.1048500 
-0.7655318 
1.5366857 
0.3402862 
-1.8169878 
1.5366857 
-0.0020462 
-0.3959727 
1.5366857 
0.1577007 
-0.6401039 
1.5366857 
0.0135840 
-0.1667059 
5.4633143 
0.2287216 
2.2841360 
5.4633143 
0.1614833 
0.7664330 
5.4633143 
0.4657138 
1.7811662 
5.4633143 
0.0276795 
0.3964054 
5.4633143 
0.2052993 
0.6434833 
5.4633143 
0.0261160 
0.1668528 
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Dependent Variable: ATRAZINE 
Contrast 
trtCl trtC2 equal 
trtNsl trtN52 equal 
trtosl trto52 equal 
Metolachlor (mg/L) Period 1: 
Dependent Variable: MCHLOR 
Source 
Model 
Error 
Corrected Total 
N 
TRT Obs variable Label 
DF Contrast 55 Mean Square 
1 0.00156637 
1 0.45672910 
1 0.07839217 
0.00156637 
0.45672910 
0.07839217 
sum of 
DF Squares Mean Square 
F Value Pr > F 
0.95 0.3365 
278.22 <.0001 
47.75 <.0001 
F value 
2 0.01556821 0.00778411 32.25 
15 0.00362028 0.00024135 
17 0.01918849 
The MEANS Procedure 
Mean variance Std Error 
Pr > F 
<.0001 
Lower 95% 
CL for Mean 
C 
NS 
OS 
6 PER 
REP 
MCHLOR 
stdresi d 
6 PER 
REP 
MCHLOR 
stdresid 
6 PER 
REP 
MCHLOR 
stdresid 
PER 
REP 
MCHLOR 
PER 
REP 
MCHLOR 
PER 
REP 
MCHLOR 
1.0000000 
3.5000000 
0.0712833 
0.0848246 
1.0000000 
3.5000000 
0.0230333 
-0.000041608 
1.0000000 
3.5000000 
0.000833333 
-2.927053E-9 
0 
3.5000000 
0.000715854 
5.3443891 
0 
3.5000000 
8.1946667E-6 
0.0381426 
0 
3.5000000 
6.6666667E-9 
0.000030937 
0 
0.7637626 
0.0109229 
0.9437857 
0 
0.7637626 
0.0011687 
0.0797314 
0 
0.7637626 
0.000033333 
0.0022707 
1.5366857 
0.0432052 
-2.3412539 
1.5366857 
0.0200292 
-0.2049977 
1.5366857 
0.000747647 
-0.0058371 
TRT 
N 
obs variable Label 
Upper 95% 
CL for Mean 
C 
NS 
6 PER 
REP 
MCHLOR 
stdresid 
6 PER 
REP 
MCHLOR 
stdresid 
OS 6 PER 
REP 
MCHLOR 
stdresid 
PER 
REP 
MCHLOR 
PER 
REP 
MCHLOR 
PER 
REP 
MCHLOR 
5.4633143 
0.0993614 
2.5109030 
5.4633143 
0.0260375 
0.2049145 
5.4633143 
0.000919019 
0.0058371 
Dependent Variable: MCHLOR 
Contrast 
trtC trtNS trtOS equal 
trtC-trtoS 
trtNS-trt05 
trtNS-trtC 
DF Contrast SS 
2 0.01556821 
1 0.01488961 
1 0.00147852 
1 0.00698419 
Mean Square 
0.00778411 
0.01488961 
0.00147852 
0.00698419 
F value Pr > F 
32.25 <.0001 
61.69 <.0001 
6.13 0.0257 
28.94 <.0001 
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Metolachlor (mg/L) Period 2: 
Dependent Variable: MCHLOR 
Source 
Model 
Error 
Corrected Total 
N 
TRT Obs variable Label 
Sum of 
DF Squares Mean Square F Value 
2 0.00707688 0.00353844 122.67 
15 0.00043268 0.00002885 
17 0.00750956 
The MEANS Procedure 
Mean variance Std Error 
Pr > F 
<.0001 
Lower 95% 
CL for Mean 
C 6 PER PER 
REP REP 
MCHLOR MCHLOR 
stdresi d 
NS 6 PER PER 
REP REP 
MCHLOR MCHLOR 
stdresid 
OS 6 PER PER 
REP REP 
MCHLOR MCHLOR 
stdresi d 
2.0000000 
3.5000000 
0.0428833 
0.2423557 
2.0000000 
3.5000000 
0.0011500 
9.8636102E-6 
2.0000000 
3.5000000 
0.000500000 
-2.82003E-15 
0 
3.5000000 
0.000086054 
6.7648512 
0 
3.5000000 
4.83E-7 
0.0187788 
0 
3.5000000 
0 
0 
0 
0.7637626 
0.0037871 
1.0618264 
0 
0.7637626 
0.000283725 
0.0559446 
0 
0.7637626 
0 
0 
1.5366857 
0.0331482 
-2.4871558 
1.5366857 
0.000420661 
-0.1438003 
1.5366857 
TRT 
N 
obs variable 
Upper 95% 
Label CL for Mean 
C 
NS 
6 PER 
REP 
MCHLOR 
stdresi d 
6 PER 
REP 
MCHLOR 
stdresid 
OS 6 PER 
REP 
MCHLOR 
stdresid 
PER 
REP 
MCHLOR 
PER 
REP 
MCHLOR 
PER 
REP 
MCHLOR 
5.4633143 
0.0526184 
2.9718673 
5.4633143 
0.0018793 
0.1438200 
5.4633143 
Dependent Variable: MCHLOR 
Contrast 
trtC trtNS trtOS equal 
trtC-trtOS 
trtNS-trtOS 
t rtNS-t rtC 
DF Contrast SS Mean Square F Value Pr > F 
2 0.00707688 0.00353844 122.67 <.0001 
1 0.00538904 0.00538904 186.82 <.0001 
1 0.00000127 0.00000127 0.04 0.8368 
1 0.00522501 0.00522501 181.14 <.0001 
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Metolachlor (mg/L) Period 1 vs. Period 2: 
Dependent Variable: MCHLOR 
Source 
Model 
Error 
Corrected Total 
TRT 
Sum of 
DF Squares Mean Square F Value Pr > F 
5 0.02520714 0.00504143 37.32 <.0001 
30 0.00405296 0.00013510 
35 0.02926010 
The MEANS Procedure 
N 
PER obs variable Label Mean variance Std Error 
C 
NS 
OS 
1 6 REP 
MCHLOR 
stdresid 
stdresid2 
2 6 REP 
MCHLOR 
stdresid 
stdresid2 
1 6 REP 
MCHLOR 
stdresid 
stdresid2 
2 6 REP 
MCHLOR 
stdresid 
stdresid2 
1 6 REP 
MCHLOR 
stdresid 
stdresid2 
2 6 REP 
MCHLOR 
stdresid 
stdresid2 
REP 3.5000000 
MCHLOR 0.0712833 
0.0956430 
stdresid 0.0956430 
REP 3.5000000 
MCHLOR 0.0428833 
0.0049946 
stdresid 0.0049946 
REP 3.5000000 
MCHLOR 0.0230333 
-0.000050528 
stdresid -0.000050528 
REP 3.5000000 
MCHLOR 0.0011500 
4.9398226E-7 
stdresid 4.9398226E-7 
REP 3.5000000 
MCHLOR 0.000833333 
-3.556471E-9 
stdresid -3.556471E-9 
REP 3.5000000 
MCHLOR 0.000500000 
-1.32614E-15 
stdresid -1.32614E-15 
3.5000000 
0.000715854 
9.2466194 
9.2466194 
3.5000000 
0.000086054 
0.7748705 
0.7748705 
3.5000000 
8.1946667E-6 
0.0705520 
0.0705520 
3.5000000 
4.83E-7 
0.0041478 
0.0041478 
3.5000000 
6.6666667E-9 
0.000057242 
0.000057242 
3.5000000 
0 
0 
0 
0.7637626 
0.0109229 
1.2414118 
1.2414118 
0.7637626 
0.0037871 
0.3593676 
0.3593676 
0.7637626 
0.0011687 
0.1084374 
0.1084374 
0.7637626 
0.000283725 
0.0262925 
0.0262925 
0.7637626 
0.000033333 
0.0030888 
0.0030888 
0.7637626 
0 
0 
0 
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N Lower 95% 
TRT PER Obs variable Label CL for Mean 
Upper 95% 
CL for Mean 
C 
NS 
OS 
1 6 REP 
MCHLOR 
stdresid 
stdresid2 
2 6 REP 
MCHLOR 
stdresid 
stdresid2 
REP 1.5366857 
MCHLOR 0.0432052 
-3.0955076 
stdresid -3.0955076 
REP 1.5366857 
MCHLOR 0.0331482 
-0.9187893 
stdresid -0.9187893 
1 6 REP REP 1.5366857 
MCHLOR MCHLOR 0.0200292 
stdresid -0.2787977 
stdresid2 stdresid -0.2787977 
2 6 REP REP 1.5366857 
MCHLOR MCHLOR 0.000420661 
stdresid -0.0675866 
stdresid2 stdresid -0.0675866 
1 6 REP 
MCHLOR 
stdresid 
stdresid2 
REP 1.5366857 
MCHLOR 0.000747647 
-0.0079399 
stdresid -0.0079399 
2 6 REP REP 
MCHLOR MCHLOR 
stdresid 
stdresid2 stdresid 
1.5366857 
5.4633143 
0.0993614 
3.2867936 
3.2867936 
5.4633143 
0.0526184 
0.9287784 
0.9287784 
5.4633143 
0.0260375 
0.2786966 
0.2786966 
5.4633143 
0.0018793 
0.0675876 
0.0675876 
5.4633143 
0.000919019 
0.0079399 
0.0079399 
5.4633143 
Dependent Variable: MCHLOR 
Contrast 
trtCl trtC2 equal 
trtNsl trtNs2 equal 
trto5l trt052 equal 
DF Contrast 55 Mean Square 
1 0.00241968 
1 0.00143664 
1 0.00000033 
0.00241968 
0.00143664 
0.00000033 
F value Pr > F 
17.91 0.0002 
10.63 0.0028 
0.00 0.9607 
